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Malignant tumors, or cancers, grow in an un- 
controlled manner, invade normal tissues, and of- 
ten metastasize and grow at sites distant from the 
tissue of origin. In general, cancers are derived 
from only one or a few normal cells that have 
undergone malignant transformation. The abnor- 
mal growth behavior of malignant tumors is the 
reflection of complex abnormalities in physiology 
that result from expression of mutated or viral 
genes and/or deregulated expression of normal 
genes. In addition to the abnormal expression of 
molecules that contribute to malignant behavior, 
cancer cells frequently express mutated or dys- 
regulated genes whose products do not contribute 
to growth or invasive properties of the tumor. The 
increased frequency of mutations in such cancer 
cells may be related to fact that the carcinogenic 
agents that promote the development of cancers, 
such as ionizing radiation and reactive chemicals, 
are not selective and may damage DNA anywhere 
in the genome. Cancers can arise from almost any 
tissue in the body. Those derived from epithelial 
cells, called carcinomas, are the most common 
kinds of cancers. Sarcomas are malignant tumors 
of mesenchymal tissues, arising from cells such as 
fibroblasts, muscle cells, and fat cells. Solid malig- 
nant tumors of lymphoid tissues are called lym- 
phomas, and marrow and blood-borne malignant 
tumors of lymphocytes or other hematopoietic 
cells are called leukemias. 



FIGURE 18-1. Experimental 
demonstration of tumor immu- 
nity: Specific immunologic re- 
jection of chemically induced 
sarcomas. A mouse treated with 
the chemical carcinogen meth- 
ylcholanthrene (MCA) develops 
a sarcoma. If this tumor is re- 
sected and transplanted into a 
normal syngeneic mouse, the 
tumor will grow. In contrast, 
the original tumor-bearing ani- 
mal that was cured by surgical 
resection will reject a subse- 
quent transplant of the same tu- 
mor. Injection of killed cells 
from the same tumor into a 
syngeneic mouse also induces 
protective immunity to that tu- 
mor, but injection of killed cells 
from an unrelated tumor does 
not. 



A variety of clinical and pathologic evidence 
indicates that tumors can stimulate immune re- 
sponses. A common histologic observation that 
suggests that tumors may be immunogenic is the 
presence of mononuclear infiltrates, composed of 
T cells, natural killer (NK) cells, and macrophages, 
surrounding many tumors. Such infiltrates may de- 
velop at any site of tissue injury, but they are 
more frequently present around certain types of 
tumors, including testicular seminomas, thymomas, 
medullary breast carcinomas, and malignant mela- 
nomas in the skin, independent of the presence of 
other inflammatory stimuli, such as infection or 
tissue necrosis. Another histopathologic indication 
that tumors stimulate immune responses is the fre- 
quent finding of lymphocytic proliferation (hyper- 
plasia) in lymph nodes draining sites of tumor 
growth. Furthermore, there is often evidence of cy- 
tokine effects in tumors, such as increased expres- 
sion of class II major histocompatibility complex 
(MHC) molecules and intercellular adhesion mole- 
cule-1 (ICAM-1), suggesting an active immune re- 
sponse at the site of the tumor. The spontaneous 
regression of some tumors also suggests that host 
immune responses to tumor cells can occur, al- 
though there are many other explanations for this 
phenomenon. 

The first clear example that tumors can induce 
protective immune responses came from a now 
classic set of studies performed in the 1950s with 



Mouse with MCA-induced 
sarcoma "A" 





Surgically resected tumor "A" transplanted to: 




Surgically 
resect 
tumor 



7* 1 \ /*" \ ff 



Original host with 
tumor resected 




Naive syngeneic 
mouse 




No tumor growth 
(immunologic rejection) 



Tumor growth 




Syngeneic mouse Syngeneic mouse 
previously immunized previously immunized 



with killed cells from 
tumor "A" 



with killed cells from 
unrelated tumor "B" 




4 



No tumor growth 
(immunologic rejection) 



Tumor growth 



384 Section IV Immunity in Defense and Disease 



rodent tumors induced by chemical carcinogens or 
radiation. In a typical study of this kind, a sarcoma 
is induced in an inbred mouse by painting its skin 
with the chemical carcinogen methylcholanthrene 
(MCA). These MCA-induced sarcomas can be ex- 
cised from the original host mouse and introduced 
into other mice, or back into the original animal. 
Transplantation of these tumors into other synge- 
neic mice is usually successful, and the tumors 
grow and eventually kill the new host. In contrast, 
reintroduction of the tumor into the original host 
results in a specific immunologic rejection of the 
tumor. Alternatively, the cells of a tumor from one 
mouse can be killed by irradiation and used to 
immunize a second syngeneic mouse. Subsequent 
introduction of live cells from the original tumor 
into the immunized mouse will result in immuno- 
logic rejection of the tumor transplant, but a 
mouse immunized with killed cells from an unre- 
lated tumor will not reject a transplant of the first 
tumor (Fig. 18-1). Furthermore, protective immu- 
nity in one mouse, established by growth of or 



immunization with a tumor, can be transferred to 
another tumor-free animal by CD8 + cytolytic T lym- 
phocytes (CTLs) (Fig. 18-2). These experiments 
demonstrated that the rejection of the transplanted 
tumors displays cardinal features of specific immune 
responses, including dependence on lymphocytes, 
specificity, and memory. Furthermore, the experi- 
ments indicate that tumor cells express antigens, 
called tumor antigens, which can be recognized by 
the host immune system. 

If malignantly transformed cells express mole- 
cules that act as foreign antigens in the host, it is 
possible that a physiologic function of the immune 
system is to recognize and destroy these abnormal 
cells before they grow into tumors, or to kill tu- 
mors after they are formed. This theoretical role 
for the immune system is called immunosurveil- 
Iance. The idea originated with Paul Ehrlich early 
in this century and was expanded in the 1950s and 
1960s by Macfarlane Burnet and Lewis Thomas. If 
the concept of immunosurveillance is valid, then 
immune effector cells, such as B cells, helper T 
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FIGURE 18-2. Immunity to 
transplanted tumors can be 
adoptively transferred by CTLs. 
Splenic CD8 + T cells isolated 
from a mouse bearing a chem- 
ically induced sarcoma are 
transferred to a normal (tumor- 
free) mouse. This recipient 
mouse will subsequently reject 
tumor transplants from the orig- 
inal mouse, but tumor trans- 
plants will grow on another 
mouse which has not received 
any adoptively transferred 
CTLs. Transfer of CD4 + T cells, 
B cells, or antibody does not 
transfer immunity. 
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cells, CTLs, and NK cells, must be able to recog- 
nize tumor antigens and mediate the killing of 
tumor cells. Although there still is little direct 
evidence that immunosurveillance protects individ- 
uals from many common tumors, certain observa- 
tions support the validity of the concept. For ex- 
ample, immunodeficient individuals are more likely 
to develop certain types of tumors than normal 
individuals. Clinicopathologic correlations show 
that the presence of lymphocytic infiltrates in 
some tumors (e.g., medullary breast carcinomas 
and malignant melanomas) is associated with a 
better prognosis compared with histologically simi- 
lar tumors without infiltrates. There is also abun- 
dant experimental evidence that tumors can stimu- 
late specific T cell-mediated immune responses. 
Recently, several tumor antigens that are recog- 
nized by class I MHC- restricted CTLs in vivo have 
been identified as mutant or aberrantly expressed 
cellular proteins. These findings further support 
the idea that a function of CTLs is surveillance for 
and destruction of cells harboring mutated genes 
that could lead to, or be associated with, malig- 
nant transformation. 

Immunosurveillance for tumors is often ineffec- 
tive, as indicated by the fact that lethal cancers 
arise in immunocompetent individuals. It is there- 
fore likely that immune responses to tumors are 
often weak, and the possible reasons for this are 
discussed later in this chapter. A major current 
focus of immunology and oncology research is the 
development of ways to augment host immune re- 
sponses to tumors. This research is part of a 
broad field called tumor immunology, which en- 
compasses the study of specific immune responses 
to tumors, the antigens on tumor cells that induce 
immune responses, immunologic effector mecha- 
nisms that kill tumor cells, and immunologic ap- 
proaches to detecting, diagnosing, and treating 
cancers. The great progress we have made over 
the past 20 years in understanding the physiology 
of normal immune responses is already being ap- 
plied to the important practical problems of pre- 
vention and treatment of tumors. In this chapter, 
we discuss these different aspects of tumor immu- 
nology, referring to the basic principles of recogni- 
tion and effector phases of the immune response 
that we have already described in detail in previ- 
ous chapters. 



TUMOR ANTIGENS 

Although tumors are derived from self tissues, 
they are more likely than normal cells to express 
molecules that are recognized as foreign by the 
immune system. As we have discussed, this is be- 
cause of the high frequency of mutations in cancer 
cells, and dysregulated gene expression leading to 
the production of unmutated proteins not normally 
expressed. Furthermore, tumors caused by trans- 
forming (oncogenic) viruses may express viral pro- 



teins. The products of mutated, dysregulated, or 
viral genes may therefore be recognized as foreign 
by B and T lymphocytes because they were never 
expressed on self tissues prior to tumor develop- 
ment, or were expressed at sufficiently low levels, 
that they did not induce self-tolerance. Such pro- 
teins can therefore stimulate specific immune re- 
sponses to tumor cells. Alternatively, the products 
of mutated or dysregulated genes in cancer cells 
may contribute to the abnormal synthesis of non- 
protein molecules, including carbohydrates and lip- 
ids, which can be recognized by B cells as tumor 
antigens. In addition, surface proteins peculiar to 
tumors may serve as targets for effectors of innate 
immunity, such as NK cells. 

The fact that tumor cells express antigens that 
can stimulate immune responses in the host has 
been demonstrated in both experimental animal 
models and in human cancer patients. It has be- 
come apparent that patterns of expression of these 
antigens differ among different tumors and be- 
tween tumors and normal tissues. Tumor antigens 
are often classified into different groups based 
largely on these patterns of expression: 

1. Tumor-specific antigens (TSAs) are anti- 
gens expressed on tumor cells but not normal 
cells. These are the antigens most likely to evoke 
immune responses in the host because they are 
perceived as foreign. Unique tumor antigens are 
TSAs that are expressed on only one or a few 
clonal tumors, reflecting peculiar mutations that 
are characteristic of those tumors alone. 

2. Some tumor antigens are also expressed 
concurrently on normal cells in the host, and ex- 
pression may or may not be restricted to the type 
of tissue from which the tumor originated. These 
are called tumor-associated antigens (TAAs). Al- 
though some of theise TAAs may induce immune 
responses in the host, they often do not, because 
of self-tolerance. TAAs are, in fact, usually defined 
by antibodies generated in animals of other spe- 
cies by immunization with tumor cells. 

This portion of the chapter describes different 
types of tumor antigens and their roles in the biol- 
ogy of tumor-host interactions. We have catego- 
rized two main groups of tumor antigens based on 
the types of immunologic probes used to detect 
them, namely those recognized by T lymphocytes 
and those detected by antibodies. This categoriza- 
tion not only reflects methodologic approaches to 
the study of tumor antigens, but also, in some 
cases, indicates the types of immune responses 
which such antigens evoke in tumor hosts. Within 
each group there are examples of tumor-specific 
antigens, unique tumor antigens, and tumor-associ- 
ated antigens. There is also some overlap in this 
classification, with some types of antigens capable 
of eliciting, and being detected by, both T cells 
and antibodies. 
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Tumor Antigens Recognized by T Lymphocytes 

Tumor antigens that are recognized by T cells 
are the major targets of protective anti-tumor im- 
munity in experimental animals, and probably in 
humans. The identification of these antigens has 
been a major focus of recent tumor immunology 
research, and it has relied on transplantation mod- 
els in animals, the development of both mouse and 
human cloned CTL lines as probes for the anti- 
gens, cloning of genes from tumor complementary 
DNA (cDNA) libraries, and elution and analysis of 
peptides from tumor MHC molecules. These experi- 
mental approaches are described in Box 18-1. In 



Chapter 6, we discussed how MHC molecules dis- 
play peptides derived from cellular proteins for 
surveillance by T cells. In particular, class I MHC 
molecules display peptides derived from cytosolic 
proteins in all nucleated cells. This is also true of 
tumor cells. Therefore, if a tumor cell produces a 
protein that is either not expressed by normal 
cells or is a mutated version of a normal protein, 
peptides derived from this tumor protein may be 
displayed by class I MHC molecules on the tumor 
cell surface, and recognized as foreign by host 
CD8 + T lymphocytes (Fig. 18-3). Thus, tumor cells 
serve as antigen-presenting cells (APCs), displaying 
their own antigens to T cells. These antigens could 



BOX 18-1. Identification of Tumor Antigens Recognized by T Lymphocytes 
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be encoded by the tumor cell genome or by viral 
genomes which are carried by the tumor cells. It is 
also possible that proteins released into the extra- 
cellular medium by viable or dying tumor cells, or 
whole tumor cells themselves, may be endocy- 
tosed into the class II MHC pathway of antigen 
processing by professional APCs, and class II 
MHC -associated peptides derived from these tu- 
mor cells can be displayed for recognition by CD4 + 
helper T cells. It is not surprising that the tumor 
antigens that have been shown to be recognized 
by T lymphocytes include a wide variety of cellular 
and viral proteins. 



The studies with chemically induced rodent 
sarcomas, such as those described in Figs. 18-1 
and 18-2, established that tumors express trans- 
plantation antigens that can elicit specific immune 
responses. Although there was limited knowledge 
of antigen-presenting pathways at the time the first 
experiments of this sort were performed, we now 
understand that the tumor antigens in such studies 
are peptide- class I MHC complexes capable of 
stimulating CTLs. Experiments with multiple differ- 
ent rodent tumors, all induced by the same carcin- 
ogen, indicated that there was an enormous diver- 
sity of tumor transplantation antigens in that 
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FIGURE 18-3. Immune sur- 
veillance for tumor antigens by 
class I MHC-restricted T cells. 

The class I MHC pathway of an- 
tigen presentation samples cy- 
toplasmic proteins and displays 
peptides derived from those 
proteins on the cell surfaces. 
Because of self-tolerance, no T 
cells will respond to peptides 
from normal cellular proteins. 
CTLs will recognize . peptides 
derived from mutant or aber- 
rantly expressed proteins pres- 
ent in malignantly transformed 
cells, and the CTLs will kill the 
cancer cells expressing these 
proteins. 



experimental tumor model, reflected by the speci- 
ficity of the immune response to each individual 
tumor. For example, one MCA-induced sarcoma 
will not induce protective immunity against an- 
other MCA-induced sarcoma, even if both tumors 
are derived from the same mouse (Table 18-1). 
For this reason, such antigens are called tumor- 
specific transplantation antigens (TSTAs). In retro- 
spect, this diversity is predictable since the carcin- 
ogens that induce these tumors may randomly 
mutagenize virtually any gene, and the class I MHC 
antigen-presenting pathway should be able to dis- 
play peptides from each mutated protein in each 
tumor. ' 

There are two important ways in which TSTAs 



on experimental animal tumors are relevant to the 
study of human cancers. First, the demonstration 
that tumors can be killed by tumor antigen-specific 
CTLs raises the important possibility that CTL re- 
sponses may be able to control human tumors, it 
has become clear from animal and some human 
studies that immune responses to established tu- 
mors often do occur, with the clonal expansion of 
tumor-specific CTLs, but these responses are fre- 
quently weak and ineffective in eradicating the 
tumors. When the immunogenicity of these tumors 
is increased by ways discussed in this chapter 
specific rejection of the tumors can be observed' 
Second, the diversity of rodent sarcoma tumor-spe- 
cific transplantation antigens, and the identification 



TABLE 18-1, Transplantation Antigens on Chemically and Virali y Induced Tumors 
Treatment of Mouse 



Experiment 



Immunization with Killed 
Tumor Cells from 



Challenge with Live Tumor 
Cells from 



Result 



Chemically induced sarcoma A Chemically induced sarcoma A No growth * 

Chemically induced sarcoma A Chemically induced sarcoma B Growth of chemically 
induced sarcoma B 



MSV-induced sarcoma A 
MSV-induced sarcoma A 

MSV-induced sarcoma A 

MSV-induced sarcoma A 



MSV-induced sarcoma A 
MSV-induced sarcoma B 



No growth 
No growth of 
sarcoma B 

Chemically induced sarcoma C Growth of chemically 
... . induced sarcoma C 

MuLV-induced sarcoma D Growth of MuLV- 

induced sarcoma D 



Abbreviations: MSV, murine sarcoma virus; MuLV, murine leukemia virus. 



Conclusion 



Immunity to chemically 
induced tumors is 
specific for individual 
tumors. 



Immunity to virus-induced 
tumors is virus-specific. 
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of tumor antigens generated by in vitro mutagene- 
sis, has established the potential for CTL surveil- 
lance of many different kinds of tumors. 

We will now describe the characteristics of the 
different types of tumor antigens recognized by T 
lymphocytes, and we will return to effector re- 
sponses to these antigens later in the chapter. The 
major categories of these antigens are listed in Ta- 
ble 18-2. 



Products of Mutated Normal Celluiar Genes Not 
Related to Oncogenesis 

In vitro mutagenized mouse tumors were used 
for the first successful molecular genetic identifica- 
tion of tumor antigens recognized by T cells (see 
Box 18-1). These antigens turned out to be mu- 
tated versions of a variety of cellular proteins that 



TABLE 18-2. Tumor Antigens That Stimulate 
T Cell Responses 



Category- 



Examples 



Tumor-specific transplantation 
antigens on chemically 
induced rodent sarcomas 

Products of random point 
mutations in cellular genes 
not involved in tumor 
pathogenesis 



Oncogene products 



Mutated tumor-suppressor 

gene products 
Products of silent genes 

normally not expressed in 

most tissues 



Viral gene products in virus- 
associated malignancies 



Products of tissue-specific 
genes expressed by normal 
cell types from which the 
tumor was derived 



No examples defined molecu- 
larly 

p91A mutation in mutagenized 
murine mastocytoma 

MUM-1 melanoma antigen with 
a serine-to-isoleucine 
mutation in peptide 
recognized by melanoma- 
specific CTLs 

p21 ras proteins with point 
mutation at position 12 
(10% of human carcinomas) 

p210 product of bcr-abl 
rearrangements (chronic 
myelogenous leukemias) 

HER-2/ neu, overexpressed 
normal gene (various 
carcinomas) 

p53 (—50% of human tumors) 

MAGE 1, ,3, BAGE, GAGE 
(expressed by many human 
melanomas, many types of 
carcinomas, normal testis 
and placenta) 

SV40 T antigen (SV40-induced 
rat tumors) 

Human papillomavirus E6 and 
E7 gene products (human 
cervical carcinoma) 

Epstein-Barr virus EBNA-1 
gene product (Burkitt's, 
lymphoma, and nasopharyn- 
geal carcinoma) 

Tyrosinase, gplOO, MART-1 
(expressed exclusively by 
melanocytes and mela- 
nomas) 



Abbreviations: SV, simian virus; EBNA, Epstein-Barr nuclear anti- 
gen. 

Adapted from Pardoll, D. M. Cancer vaccines. Immunology To- 
day 14:310-316, 1993. 



are expressed in many cell types but have no 
known function or homologies. These proteins are 
apparently unrelated to the malignant phenotype, 
and the effects of the mutations, other than im- 
parting immunogenicity, remain unknown. A simi- 
lar phenomenon has been found in some human 
tumors. For example, a CTL clone derived from a 
melanoma patient recognizes a mutated peptide 
sequence of a protein of unknown function, the 
normal form of which is expressed in many tis- 
sues. The melanoma-generated peptide recognized 
by the CTL is abnormal in two respects, carrying 
both a point mutation and intronic sequences in- 
dicative of aberrantly spliced messenger RNA 
(mRNA). Although these findings confirm expecta- 
tions based on the biology of tumors and our un- 
derstanding of how T cell immunosurveillance 
works, the majority of human tumor antigens iden- 
tified by recognition by specific CTLs are, surpris- 
ingly, not mutated in any way. This suggests that 
the high frequency of mutated proteins repre- 
sented in the animal tumor models may be a func- 
tion of the highly mutagenic protocols used to pro- 
duce the tumors, but the importance of mutations 
in generating antigens expressed by human tumors 
may not be as great. In contrast, many of the hu- 
man tumor antigens are products of aberrantly ex- 
pressed but unmutated genes, as discussed later. 

Products of Oncogenes and Mutated Tumor 
Suppressor Genes 

Virtually all tumors express genes whose prod- 
ucts are required for malignant transformation or 
for maintenance of the malignant phenotype. In 
many instances, these genes have been identified, 
and often they are altered forms of normal cellular 
genes that control cell proliferation and differentia- 
tion. Such cellular proto-oncogenes may be altered 
by carcinogen-induced point mutations, deletions, 
or chromosomal translocations to form oncogenes 
whose products have transforming activity. In ad- 
dition, viral integration into normal cellular proto- 
oncogenes can result in structurally abnormal 
products that have oncogenic activity. Tumor-sup- 
pressor genes also encode proteins required for 
normal cellular growth and differentiation, and mu- 
tations in these genes can result in nonfunctional 
products, leading to malignant transformation. The 
altered forms of proto-oncogene and tumor-sup- 
pressor gene products expressed in tumors should 
theoretically stimulate immune responses in the 
host, because these altered forms are not normally 
expressed as self proteins, and T cell tolerance to 
these abnormal proteins should not develop prior 
to their expression in tumors, These proteins are 
usually intracellular molecules that are likely to be 
processed and presented as peptides in associa- 
tion with class I MHC molecules, but phagocytosis 
or internalization of tumor cells or shed antigens 
may also result in class II MHC -associated presen- 
tation. 
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The mutations in some oncogenes are remark- 
ably consistent among many different tumors, such 
a$ position 12 mutations in p21 ras proteins, proba- 
bly because only selected mutations impart a 
growth advantage to the cell. Furthermore, rela- 
tively few mutations appear in a wide variety of 
tumors. Because their amino acid sequences are 
known and they are widely distributed on many 
different tumors, oncogene or tumor-suppressor 
gene products are potential targets for cancer im- 
munotherapy. It has been established that both hu- 
man CD4 + and CD8+ T cells can respond to the 
products of some of these genes, including mu- 
tated Ras, p53, and bcr-abl proteins. However, 
there is very little evidence that these antigens 
induce protective T cell responses in humans; One 
oncogene called HER-2/neu is not a mutated gene 
but transforms cells when it is overexpressed. It 
encodes a membrane protein that is abundant on 
the cell surfaces of several different types of hu- 
man carcinomas, and this protein does appear to 
be able to stimulate both CD4 + helper T cell and 
CD8 + CTL responses to these tumors. For example, 
CTLs that recognize a peptide derived from the 
HER-2/neu protein have been found among T cells 
specific for an ovarian carcinoma, and among CD8 + 
T cells infiltrating breast and lung tumors. Clinical 
trials using this HER-2/neu - derived peptide as an 
immunogen to boost anti-tumor immunity are in 
progress. 

Products of Normally Silent Genes 

Some genes are usually not expressed in nor- 
mal tissues or are expressed only early during de- 
velopment, before the mechanisms of self-tolerance 
are operative. When these genes are dysregulated 
as a consequence of malignant transformation of a 
cell and are expressed inappropriately in tumors, 
they may behave as tumor antigens and evoke im- 
mune responses. These tumor antigens may be 
shared by many different tumors. Mouse and hu- 
man genes that encode these types of tumor anti- 
gens recognized by T cells have recently been 
identified using tumor antigen-specific CTL clones 
and DNA library transfections as described in Box 
18-1. The functions of the proteins encoded by 
these genes are unknown, but they are not re- 
quired for the malignant phenotype of the cells, 
and their sequences are identical to the corre^ 
sponding genes in normal cells, i.e., they are not 
mutated. One of the mouse genes identified in this 
way is expressed on mast cell tumors and perhaps 
on some immature normal mast cells but not on 
other cells, and its protein product stimulates CTL- 
mediated tumor rejection in vivo. The MAGE (mela- 
noma antigen) genes, first isolated from human 
melanoma cells, encode cellular protein antigens 
recognized by many different melanoma-specific 
CTL clones derived from different melanoma-bear- 
ing patients. There is a family of at least 12 homol- 
ogous MAGE genes, but peptides from only two 
MAGE proteins are known to be recognized by 



melanoma-specific CTLs. MAGE proteins are varia- 
bly expressed on many tumors in addition to mela- 
nomas, including carcinomas of the bladder, 
breast, skin, lung, and prostate, and some sarco- 
mas. MAGE expression on normal tissues is re- 
stricted to testis and placenta, both of which are 
immunologically privileged sites that may not sup- 
port the induction of tolerance. Subsequent to the 
identification of the MAGE genes, two other unre- 
lated gene families have been identified, called 
BAGE and GAGE, which encode melanoma antigens 
recognized by autologous CTL clones derived from 
melanoma patients. Like the MAGE genes, the 
BAGE and GAGE genes are normally silent in most 
normal tissues, except testis, but they are ex- 
pressed on a variety of malignant tumors. Al- 
though there is no evidence that expression of any 
of these genes induces a protective tumor rejec- 
tion response, it is clear that melanoma patients 
do have memory CTLs that are specific for several 
MAGE, BAGE, and GAGE peptides. Therefore, there 
is great interest in attempting to boost the CTL 
response to these antigens in melanoma patients 
by the use of "therapeutic" vaccines. 

Tumor Antigens Encoded by Genomes 
of Oncogenic Viruses 

Both RNA and DNA viruses are implicated in 
the development of tumors in both experimental 
animals and humans. Virally induced tumors usu- 
ally contain integrated proviral genomes in their 
cellular genomes and often express viral genome- 
encoded proteins. These endogenously synthesized 
proteins can be processed, and complexes of pro- 
cessed viral peptides with class I MHC molecules 
may be expressed on the tumor cell surfaces. 
Thus, tumor cells expressing viral proteins can 
stimulate and become the targets of specific T cell 
responses. Structurally and biologically distinct an- 
tigens are produced by various DNA and RNA tu- 
mor viruses. 

DNA viruses are involved in the development 
of various tumors in experimental animals and hu- 
mans. Papovaviruses (including polyoma virus and 
simian virus [SV]40) and adenoviruses induce ma- 
lignant tumors in neonatal or immunodeficient 
adult rodents. Several genes in these viruses coop- 
erate to cause malignant transformation of infected 
cells. In humans, DNA viruses are associated with 
the development of several different tumor types. 
For example, the Epstein-Barr virus (EBV) is asso- 
ciated with B cell lymphomas, Hodgkin's lym- 
phoma, and nasopharyngeal carcinoma (Box 18- 
2). Human papillomavirus (HPV) is associated with 
most human cervical carcinomas. The viral genes 
responsible for producing the malignant phenotype 
in these human tumors are partially defined. 

In most cases, DNA virus-induced tumor cells 
are latently infected with virus and do not produce 
viral particles. Virally encoded protein antigens 
that are not components of infectious viral parti- 
cles may be found in the nucleus, cytoplasm, or 
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plasma membrane of the tumor cells. Specific im- 
munity to DNA virus-encoded nuclear antigens pro- 
tects against tumor development in animals. For 
example, SV40-induced tumors in mice express an- 
tigens that induce specific protective immunity 
against subsequent challenge with other SV40- 
induced tumors, but not against tumors induced 
by other viruses. Because these antigens are tar- 
gets for tumor transplantation rejection, they are 
functionally defined as tumor transplantation anti- 
gens. These virally-encoded tumor antigens, how- 
ever, are not unique for each tumor but are shared 
by all tumors induced by the same type of virus 
(see Table 18-1). 

Although both humoral and T cell-mediated 
immune responses to DNA virus-encoded tumor 
antigens occur, only T cells specific for these anti- 
gens have been shown to mediate tumor rejection 
in vivo. One such virally encoded antigen that 



stimulates tumor rejection is the T antigen, a nu- 
clear protein in SV40-transformed cells. The T anti- 
gen is required to produce the malignant pheno- 
type, and it is not part of infectious virus particles. 
Immunization of experimental animals with SV40 
virus induces protective immunity against the de- 
velopment of SV40-induced tumors, and this immu- 
nity is mediated by T antigen -specific class I 
MHC-restricted CTLs. Adenovirus-induced rodent 
tumors express a virally encoded protein called 
El A, which is found largely in the nucleus and is 
the principal determinant of the transformed phe- 
notype of the infected cells. E1A is not part of 
infectious adenovirus particles. When class [-re- 
stricted CTLs specific for a peptide derived from 
the E1A protein are adoptively transferred into 
mice with adenovirus-induced tumors, these CTLs 
kill the tumors (Fig. 18-4). 

A protective role of the immune system in 
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FIGURE 18-4. Viral antigen- 
specific cytolytic T lympho- 
cytes (CTLs) kill virally in- 
fected tumors in vivo. If 
neonatal mice are infected with 
adenovirus, they develop malig- 
nant tumors as adults, and 
these tumors express the virally 
encoded El A protein. The CTL 
clones isolated from a synge- 
neic mouse immunized with 
ElA-expressing cells can kill 
these ElA-expressing tumors 
when the CTLs are adoptively 
transferred to the tumor-bear- 
ing animal. 
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controlling the growth of DNA virus -induced tu- 
mors is suggested by the higher frequency of these 
tumors in immunodeficient individuals. In humans, 
EBV-associated lymphomas and HPV-associated 
skin cancers arise much more frequently in immu- 
nosuppressed individuals, such as allograft recipi- 
ents receiving immunosuppressive therapy and 
acquired immunodeficiency syndrome (AIDS) pa- 
tients, than in normal individuals. Adenovirus in- 
fection induces tumors much more frequently in 
neonatal or nude (congenitally T cell -deficient) 
mice, compared with normal adult mice. Thus, a 
competent immune system may play a role in tu- 
mor immunosurveillance because of its ability to 
recognize and kill virally infected cells. Although 
no DNA virus -encoded tumor antigen is known to 
induce protective immunity in human tumors, 
there is great interest in the products of two HPV 
genes, E6 and E7, which are constitutively ex- 
pressed in cervical squamous cell carcinomas and 
are required for maintaining the malignant pheno- 
type. Several E6- and E7-derived peptides bind to 
certain class I MHC alleles with high affinity, and 
they sensitize cells expressing these alleles for ly- 
sis by E6- or E7-specific CTL clones. Furthermore, 
at least one human cervical carcinoma cell line can 
be specifically lysed by these E6- and E7-specific 
CTLs. Accordingly, clinical trials of E6 and E7 pep- 
tide vaccines for treatment of HPV-positive cervical 
carcinoma have been started. 

One of the clearest examples of viral oncogen- 
esis is the development of tumors in animals 
infected with certain types of retroviruses (RNA 
tumor viruses). Some of these viruses carry well- 
defined oncogenes, induce tumors in days to 
weeks after infection, and are called acute trans- 
forming retroviruses. Examples of these acute 
transforming retroviruses include Rous sarcoma vi- 
rus (earring the sre oncogene), avian rhyelocyto- 
matosis virus (carrying the myc oncogene), and 
Kirsten murine sarcoma virus (carrying the K-ras 
oncogene). Other retroviruses, such as the murine 
leukemia viruses, cause tumors months after infec- 
tion and do not carry any well-defined oncogenes. 
These slow-transforming retroviruses may cause 
tumors by inserting near, and dysregulating tran- 
scription of, cellular genes that are responsible for 
growth control and differentiation. The genomes of 
retroviruses are small, and they may express a lim- 
ited number of potentially immunogenic proteins 
in their host tumor cells. These proteins include 
products of the envelope (env) gene, polymerase 
(pol) gene, core protein (gag) gene, and, in the 
case of acute transforming retroviruses, the onco- 
gene. Retroviral oncogene products theoretically 
have the same potential antigenic properties as 
mutated cellular oncogenes, but they generally do 
not evoke strong immune responses in vivo. In 
contrast, humoral and cell-mediated immune re- 
sponses to the env and gag products on tumor 
cells can be observed experimentally. Furthermore, 
env and gag products can stimulate CTL-mediated 



rejection of transplanted tumors. These antigens 
are shared by all tumors induced by the same type 
of retrovirus. 

The only well-established human RNA tumor 
virus is human T cell lymphotropic virus-1 (HTLV- 
1), which is the etiologic agent of adult T cell leu- 
kemia/lymphoma (ATL), an aggressive malignant 
tumor of CD4 + T cells. Although immune responses 
specific for HTLV-1 encoded antigens have been 
demonstrated, it is not clear whether they play 
any role in protective immunity against develop- 
ment of tumors in virally infected people. Further- 
more, ATL patients are often profoundly immuno- 
suppressed, perhaps because of an effect of the 
virus on CD4 + T cells, which the virus preferen- 
tially infects. 

Tissue-Specific Differentiation Antigens Recognized 
by Tumor-Specific T Cells 

Tissue-specific differentiation antigens are pro- 
teins expressed by normal cells and are character- 
istic of a particular tissue type at a particular stage 
of normal differentiation of that tissue. Tumors 
arising from one type of tissue often express the 
differentiation antigens of that tissue. Since these 
antigens are part of normal cells, they would be 
expected to induce self-tolerance and not to stimu- 
late immune responses against the tumors on 
which they are expressed. This is, in fact, the case 
for many such molecules, and they have been 
called tumor antigens only because they stimulate 
antibody responses in other species, as discussed 
later. It is surprising that the cloning of human 
melanoma antigens recognized by T cells from mel- 
anoma patients has turned up several tissue-spe- 
cific antigens that are expressed by normal mela- 
nocytes and melanomas. The first such antigen 
identified was tyrosinase, an enzyme involved in 
melanin biosynthesis, which is expressed only in 
normal melanocytes and melanomas. Tyrosinase 
peptides eluted from melanoma cell class I MHC 
molecules sensitize targets for lysis by anti-mela- 
noma CTLs. An interesting feature of at least one 
of the tyrosinase peptides eluted from melanoma 
cell MHC molecules is the presence of an aspartate 
residue that represents a post-translational modifi- 
cation of an asparagine residue encoded by the 
tyrosinase gene; the gene, however, is not mutated 
in the melanoma cells. Such modifications may be 
characteristic of tumor cells but not normal cells, 
reflecting the aberrant expression of modifying en- 
zymes in the tumors, and they could explain why 
the product of a normal tissue-specific gene in- 
duces an immune response. Both class I MHC- 
restricted CD8 + CTL clones and class II MHC- 
restricted CD4 + T cell clones from melanoma pa- 
tients recognize peptides derived from tyrosinase, 
raising the possibility that tyrosinase vaccines may 
stimulate both helper and cytolytic T cell re- 
sponses to melanomas. MART-1 and gplOO or 
Pmell7 are two other proteins that are expressed 
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exclusively in melanocytes and melanomas and 
that are recognized by melanoma-specific CTLs. 
Both are transmembrane proteins of unknown 
function, and peptides derived from both are rec- 
ognized by many independently derived melanoma- 
specific CTL lines. Adoptive transfer of gplOO-spe- 
cific T cells into melanoma patients is effective in 
reducing the tumor burden in some patients. 

Tumor Antigens Recognized by Antibodies 

Some molecules on tumor cell surfaces can 
elicit autologous antibody responses. In addition, 
some tumor molecules can be recognized by xeno- 
geneic antibodies produced by immunizing an ani- 
mal of one species with tumor cells from another 
species. Such molecules do not necessarily stimu- 
late immune responses in the tumor host, but the 
antibodies that bind to them are potentially valu- 
able in the diagnosis and therapy of tumors. Many 
cell surface molecules on tumors that have been 
identified by xenogeneic antibodies are called tu- 
mor antigens, but almost all of them are shared by 
different tumors arising from the same types of 
cells, and most, if not all, may also be found on 
some normal cells or benign tumor cells. There- 
fore, these molecules are tumor-associated anti- 
gens and not tumor-specific antigens. Most of 
these molecules do not stimulate immune re- 
sponses in tumor hosts because they are normal 
self proteins, and they should be fully capable of 
inducing tolerance. It is surprising that there are 
cases in which antibodies and T cells specific for 
these tumor-associated antigens are found in tu- 
mor hosts, but there is no evidence that the anti- 
body responses are protective. Several classes of 
these cMitigens exist, and many different ones may 
be expressed on the same tumor. We will consider 
some of the tumor antigens recognized by antibod- 
ies, dividing our discussion on the basis of bio- 
chemical characteristics or patterns of tissue dis- 
tribution of these antigens. 

Oncofetal Antigens 

Oncofetal antigens are proteins normally ex- 
pressed on developing (fetal) but not adult tissues. 
They are expressed on tumor cells as a result of 
the derepression of genes by unknown mecha- 
nisms. The importance of oncofetal antigens is that 
they provide markers that aid in tumor diagnosis. 
As techniques for detecting these antigens have 
improved, it has become clear that their expres- 
sion in adults is not strictly limited to tumors. The 
proteins can be found in tissues in various inflam- 
matory conditions, and even in small quantities in 
normal tissues. Furthermore, oncofetal antigens 
are not antigenic in the host, since they are ex- 
pressed as self proteins during development. None- 
theless, the study of oncofetal antigens has proved 
useful for diagnostic purposes and has provided 
some insights into tumor biology. The two most 



thoroughly characterized oncofetal antigens are 
carcinoembryonic antigen (CEA, CD66) and alpha- 
fetoprotein (AFP). 

CEA is a highly glycosylated 180 kD integral 
membrane protein that is a member of the Ig su- 
perfamily. CEA is also released into the extracellu- 
lar fluid. Normally, high CEA expression is re- 
stricted to the gut, pancreas, and liver during the 
first two trimesters of gestation, and reduced ex- 
pression is found in normal adult colonic mucosa 
and lactating breasts. CEA expression is greatly in- 
creased in colonic, pancreatic, gastric, and breast 
carcinomas, resulting in a rise in serum levels. Fur- 
thermore, post-translational processing of CEA may 
be altered in tumor cells. Serum CEA, detected by 
xenogeneic antibodies, is accordingly used to mon- 
itor the occurrence or recurrence of metastatic 
carcinoma after primary treatment. There is very 
little evidence for any significant anti-CEA humoral 
response in human cancer patients. Recent studies 
have demonstrated that CEA functions as an inter- 
cellular adhesion molecule, promoting the binding 
of tumor cells to one another. Thus, CEA may play 
a role in the way tumor cells interact with one 
another and with the tissues in which they are 
growing. The usefulness of CEA as a diagnostic 
marker for cancer is somewhat limited by the fact 
that serum CEA can also be elevated in the setting 
of non-neoplastic diseases such as chronic inflam- 
matory conditions of the bowel or liver. 

AFP is a 70 kD a-globulin glycoprotein nor- 
mally synthesized and secreted in fetal life by the 
yolk sac and liver. Fetal serum concentrations can 
be as high as 2 to 3 mg/ml, but in adult life the 
protein is replaced by albumin, and only low levels 
are present in the serum. Serum levels of AFP can 
be significantly elevated in patients with hepatocel- 
lular carcinoma, germ cell tumors, and, occasion- 
ally, gastric and pancreatic cancers. An elevated 
serum AFP level is a useful indicator of advanced 
liver or germ cell tumors, or of recurrence of these 
tumors after treatment. Furthermore, the detection 
of AFP in tissue sections by immunohistochemical 
techniques can help in the pathologic identification 
of tumor cells. The diagnostic value of AFP as a 
tumor marker is limited by the fact that elevated 
serum levels are also found in non-neoplastic liver 
diseases, such as cirrhosis. As with CEA, there is 
little evidence that AFP-specific anti-tumor immune 
responses occur in cancer patients. 

Altered Glycolipid and Glycoprotein Antigens 

Most human and experimental tumors express 
higher levels of and/or abnormal forms of surface 
glycoproteins or glycolipids, including gangliosides, 
blood group antigens, and mucins. The abnormal 
forms are a result of alterations in the sequential 
addition of carbohydrate moieties to core protein 
or lipid molecules. Some aspects of the malignant 
phenotype of tumors, including tissue invasion and 
metastatic behavior, may in part be a function of 



altered cell surface properties that result from 
abnormal glycolipid and glycoprotein synthesis. 
Many antibodies have been raised in animals that 
recognize carbohydrate groups or abnormally ex- 
posed peptide cores of these molecules. Although 
most of the epitopes recognized by these antibod- 
ies are not specifically expressed on tumors, there 
is a relative abundance on cancer cells. This class 
of TAAs continues to be a preferred target for anti- 
body-based approaches to cancer therapy. 

The gangliosides are neuraminic acid -contain- 
ing glycosphingolipids, certain forms of which are 
expressed at particularly high levels on melanomas 
and some brain tumors compared with the normal 
cells from which these tumors are derived. For 
example, the gangliosides GM 2 and GD 2 are present 
at high density on the surface of melanomas and 
therefore are considered potential targets for im- 
munotherapy. The tumor gangliosides have been 
studied with xenogeneic antibodies, but in addi- 
tion, normal individuals and melanoma patients ap- 
pear not to be tolerant to these molecules, since 
they make their own anti-ganglioside antibodies. In 
fact, there have been successful attempts at induc- 
ing high IgM antibody responses in melanoma pa- 
tients by immunizing with GM 2 plus adjuvant vac- 
cine, and this has correlated with prolonged 
clinical remission of the tumors. 

Blood group antigens are carbohydrate epi- 
topes on glycosphingolipid or glycoprotein mole- 
cules expressed on the surfaces of blood cells and 
epithelial cells (see Box 17-2, Chapter 17). Differ- 
ent epitopes are created depending on the expres- 
sion of glycosyltransferases, and some of these an- 
tigens are aberrantly expressed in carcinomas, 
particularly the T and sialylated Tn antigens. Solu- 
ble forms of these antigens are being used as ex- 
perimental cancer vaccines. These and other car- 
bohydrate .antigens are not likely to stimulate T 
cells required for isotype switching and memory B 
cell generation, and therefore their long-term use- 
fulness as immunogens for cancer immunotherapy 
may be limited. 

Mucins are high-molecular-weight proteogly- 
cans containing numerous O-linked carbohydrate 
side chains on a core polypeptide. Because of their 
complicated branching structure, there is potential 
for great antigenic variability. Dysregulated expres- 
sion in tumors of the numerous enzymes that syn- 
thesize these carbohydrate side chains can lead to 
the appearance of relatively tumor-specific epi- 
topes, either on the carbohydrate side chains 
themselves or on the abnormally exposed polypep- 
tide core. Several mucins have been the focus of 
diagnostic and therapeutic studies, including CA- 
125 and CA-19-9, expressed on ovarian carcinomas, 
and MUC-1, expressed on breast carcinomas. Un- 
like many mucins, MUC-1 is an integral membrane 
protein that is normally expressed only on the api- 
cal surface of breast ductal epithelium, a site that 
is relatively sequestered from the immune system. 
In ductal carcinomas of the breast, however, the 
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TABLE 18-3. Examples of Tissue-Specific Tumor 
Antigens Used in Clinicopathologic Analysis of Tumors 



Tissue of Origin 



Tumor 



Antigens 



B lymphocytes 
T lymphocytes 

Prostate 



Neural crest- 
derived 
Epithelial cells 



B cell leukemias 
and lymphomas 

T cell leukemias 
and lymphomas 



Prostatic 
carcinoma 



Melanomas 
Carcinomas 



CD10 (CALLA) 
Immunoglobulin 
Interleukin-2 
receptor (a 
chain), T cell 
receptor, CD45R, 
CD4 + /CD8 + 

Prostate-specific 

antigen 
Prostatic acid- 

phosphatase 
S-100 

Cytokeratins 



Abbreviations: CALLA, common acute lymphoblastic leukemia 
antigen. 



molecule is expressed in an unpolarized fashion 
and contains new, highly tumor-specific carbohy- 
drate and peptide epitopes detectable by mouse 
monoclonal antibodies. The peptide epitopes in- 
duce both antibody and T cell responses in cancer 
patients and are therefore being considered as 
candidates for anti-tumor vaccines. 

Tissue-Specific Differentiation Antigens 

We have discussed tissue-specific antigens rec- 
ognized by T cells earlier in the chapter. The clini- 
cal significance of differentiation antigens on 
tumors relates to their use as targets for immuno- 
therapy, and also as diagnostic markers of the tis- 
sue of origin of tumors. The histologic appearance 
of a tumor may not be characteristic enough to 
permit a diagnosis of the type of normal tissue 
from which the tumor arose. Therefore, antibody 
probes for the expression of tissue-specific anti- 
gens may be required. For example, lymphomas 
arising from the malignant transformation of devel- 
oping B cells often may be diagnosed as B cell 
lineage tumors by the detection of a surface 
marker characteristic of normal pre-B cells, called 
CD10 (previously called common acute lympho- 
blastic leukemia antigen, or CALLA). Tumors aris- 
ing from more mature B cells can be characterized 
by the presence of surface immunoglobulin. Exam- 
ples of tissue-specific antigens expressed on tu- 
mors are listed in Table 18-3. 

EFFECTOR MECHANISMS 
IN ANTI-TUMOR IMMUNITY 

Both humoral and cell-mediated immune re- 
sponses to tumor antigens have been demon- 
strated in vivo, and many immunologic effector 
mechanisms have been shown to kill tumor cells in 
vitro. The challenge for tumor immunologists is to 
determine which, if any, of these effector mecha- 
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nisms contributes to protective immune responses 
against human tumors and to enhance these effec- 
tor mechanisms in ways that are relatively tumor 
specific. In this section, we briefly review the evi- 
dence for tumor killing by these various effector 
mechanisms and discuss which are the most likely 
to be relevant to human tumors. 

T Lymphocytes 

CTLs provide effective anti-tumor immunity in 
vivo, as demonstrated by the experimental tumor 
transplantation studies discussed earlier. In fact, 
CTL-mediated rejection of transplanted tumors is 
the only established example of completely effec- 
tive specific anti-tumor immunity in vivo. In these 
cases, the effector cells are predominantly CD8 + 
CTLs, which are phenotypically and functionally 
identical to the CTLs responsible for killing virus- 
infected or allogeneic cells described in Chapters 
13 and 17. As discussed previously, CTLs may per- 
form a surveillance function by recognizing and 
killing potentially malignant cells that express pep- 
tides which are derived from mutant cellular or 
oncogenic viral proteins and which are presented 
in association with class I MHC molecules. 

The importance of this form of immunosurveil- 
lance for common, non-virally induced tumors is 
not established since such tumors do not arise 
more frequently in T cell -deficient animals or peo- 
ple, or in patients with drug- or virus-induced sup- 
pression of T cell immunity. On the other hand, as 
discussed earlier, tumor-specific CTLs can be iso- 
lated from animals and humans with already estab- 
lished tumors. For example, peripheral blood lym- 
phocytes from patients with advanced carcinomas 
and melanomas contain CTLs that can lyse ex- 
planted tumors from the same patients. Further- 
more, mononuclear cells derived from the inflam- 
matory infiltrate in human solid tumors, called 
tumor-infiltrating lymphocytes (TILs), also include 
CTLs with the capacity to lyse the tumor from 
which they were derived. Although these CTL re- 
sponses may not be effective in eradicating most 
tumors on their own, enhancement of CTL re- 
sponses is a promising approach for anti-tumor 
therapy in the near future. CTL-mediated surveil- 
lance against cells infected with oncogenic viruses 
probably does occur naturally, as suggested by the 
fact that tumors associated with viral infections 
occur more frequently in immunosuppressed pa- 
tients. 

Although CD4 + helper T cells are not generally 
cytotoxic to tumors, they may play a role in anti- 
tumor responses by providing cytokines for effec- 
tive CTL development (see Chapter 13). In addi- 
tion, helper T cells that are activated by tumor 
antigens may secrete tumor necrosis factor (TNF) 
and interferon-7 (IFN-y), which can increase tumor 
cell class I MHC expression and sensitivity to lysis 
by CTLs. It is also possible that tumor-specific 
helper T cells may promote delayed type hyper- 




sensitivity (DTH) responses against tumors. A mi- 
nority of tumors that express class II MHC mole- 
cules may directly activate tumor-specific CD4 + 
helper T cells. More commonly, class II ^expressing 
professional antigen-presenting cells (APCs) pro- 
cess and present internalized proteins derived 
from dying or phagocytosed tumor cells. CD4 + 
helper T cells from some tumor-bearing individuals 
are specific for tumor antigens, including tyrosi- 
nase peptides and mutated Ras protein, but 
a thorough analysis of other antigens that tumor- 
specific helper T cells may recognize has not been 
accomplished. 

Natural Killer Cells 

NK cells may be effector cells of both innate 
and specific immune responses to tumors. NK cells 
can be activated by direct recognition of tumors, 
or as a consequence of cytokines produced by 
tumor-specific T lymphocytes. They use the same 
lytic mechanisms as CTLs to kill cells, but they do 
not express T cell antigen receptors, and they 
have a broad range of specificities (see Chapter 
13). NK cells can lyse both virally infected cells 
and certain tumor cell lines, especially hematopoi- 
etic tumors, in vitro. In fact; lysis of such cell lines 
serves as the major bioassay for NK activity. There 
appears to be a degree of specificity to NK killing, 
since many virally infected cells or tumor cells and 
most normal cells are not susceptible to NK lysis 
in vitro. NK cell recognition of MHC molecules on a 
potential target inhibits NK cell lysis of that target 
(see Chapter 13). Thus, the down-regulation of 
MHC expression on many tumor cells, which may 
allow them to escape CTL lysis, makes them par- 
ticularly good targets for NK cells. In addition, NK 
cells can be targeted to antibody-coated cells be- 
cause they express low-affinity Fc receptors 
(FcyRIII or CD16) for IgG molecules. The tumorici- 
dal capacity of NK cells is increased by cytokines, 
including interferons, TNF, interleukin-2 (IL-2), and 
interleukin-12. Therefore, their role in anti-tumor 
immunity may depend on the concurrent stimula- 
tion of T cells and macrophages that produce 
these cytokines. There is great interest in the role 
of ILr2-activated NK cells in tumor killing. These 
cells, called lymphokine-activated killer (LAK) 
cells, are derived in vitro by culture of peripheral 
blood cells or tumor-infiltrating lymphocytes from 
tumor patients with high doses of IL-2 (see Chap- 
ter 13). LAK cells exhibit a markedly enhanced and 
nonspecific capacity to lyse other cells, including 
tumor cells. The use of LAK cells in adoptive im- 
munotherapy of tumors will be discussed later. 

A role for NK cells in tumor immunity in vivo 
is suggested by a variety of indirect evidence. For 
example, the incidence of tumors in different 
strains of inbred mice, or in mice of different ages, 
correlates inversely with the functional capacity of 
NK cells in these mice. It is interesting that T cell- 
deficient nude mice have normal or elevated num- 
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bers of NK cells, and they do not have a high 
incidence of spontaneous tumors. NK cells may 
play a role in immunosurveillance against develop- 
ing tumors, especially those expressing viral anti- 
gens. However, a high level of NK activity is not 
present in the cellular infiltrates associated with 
solid human tumors, before in vitro expansion with 
IL-2. 

Macrophages 

Macrophages are potentially important cellular 
mediators of anti-tumor immunity. Their role is 
largely inferred from the demonstration that acti- 
vated macrophages can preferentially lyse tumor 
cells, and not normal cells, in vitro. Like NK cells, 
macrophages express Fey receptors (high affinity 
FcyRI and FcyRIII), and they can be targeted to 
tumor cells coated with antibody. There are proba- 
bly several mechanisms of macrophage killing of 
tumor target cells that are essentially the same as 
the mechanisms of macrophage killing of infectious 
organisms. These mechanisms include the release 
of lysosomal enzymes, reactive oxygen metabo- 
lites, and, in mice, nitric oxide. 

Activated macrophages also produce the cyto- 
kine tumor necrosis factor (TNF), which, as its 
name implies, was first characterized as an agent 
that can kill tumors but not normal cells. The vari- 
ous actions of TNF were discussed in Chapter 12. 
There is some evidence that TNF plays a role in 
macrophage-mediated tumor killing. For example, 
tumor cells selected in vitro for resistance to kill- 
ing by TNF are often also resistant to killing by 
macrophages. Killing by both macrophages and 
TNF is slow (24 to 48 hours), can be augmented by 
protein or RNA synthesis inhibitors, and is due to 
apoptosis. v 

TNF kills tumors by direct toxic effects and 
indirectly by effects on tumor vasculature. Direct 
toxicity depends on binding of TNF to high-affinity 
cell surface receptors onto tumor cells. The toxic- 
ity is in part due to activation of a cell death path- 
way similar to that induced by Fas Iigand binding 
to Fas (see Chapter 10). The toxicity may also be a 
result of the production of free radicals. Normal 
cells respond to TNF by synthesizing superoxide 
dismutase, an enzyme that participates in the inac- 
tivation of free radicals. In contrast, many tumor 
cells fail to make superoxide dismutase in re- 
sponse to TNF. Direct toxic effects of TNF may 
also involve disruption of cytoskeletal proteins, or 
interference with gap junction formation. TNF can 
indirectly cause tumor necrosis by inducing throm- 
bosis in tumor vessels in vivo. This is suggested 
by the observations that even tumor cells lacking 
TNF receptors can be eradicated in mice by treat- 
ment with TNF, and that TNF selectively eradicates 
vascularized tumors and is much less effective in 
killing avascular tumors. Histologically, the re- 
sponse to TNF, described as hemorrhagic necrosis, 
looks very much like the localized Shwartzman re- 



action described in Chapter 12 (see Box 12-3). 
This resemblance has led to the suggestion that 
TNF acts selectively on tumor vessels to produce a 
Shwartzman-like reaction, causing thrombosis of 
the vessels and ischemic necrosis of tumors. 
Tumor vessels may be already "primed" to trigger 
the Shwartzman response once they encounter 
TNF. Some tumor-derived angiogenic factors, such 
as vascular endothelial growth factor, potentiate 
endothelial cell responses to TNF. These tumorici- 
dal effects of TNF have been exploited in clinical 
practice, as we will discuss later. 

Antibodies 

Antibodies are probably less important than T 
cells in mediating effective anti-tumor immune re- 
sponses, but, as we have discussed, tumor-bearing 
hosts do produce antibodies against various tumor 
antigens. In some instances, these antibody re- 
sponses are specific for viral antigens. For exam- 
ple, patients with EBV-associated lymphomas have 
serum antibodies against EBV-encoded antigens ex- 
pressed on the surface of their tumor cells. In 
other cases, human cancer patients produce anti- 
bodies against their own tumors that can be used 
for in vitro "autologous typing" to identify tumor 
antigens. In these cases, the antigens recognized 
are almost always present on normal tissues as 
well. No evidence exists for a protective role of 
such humoral responses against tumor develop- 
ment or growth. Hybridomas have been prepared 
from the B cells of tumor patients that produce 
monoclonal antibodies reactive with antigens on 
the patients' tumors. Again, these antibodies are 
not specific for antigens expressed exclusively on 
tumor cells. The potential for antibody-mediated 
destruction of tumor cells has largely been demon- 
strated in vitro and is attributable to complement 
activation, or to antibody-dependent cell-mediated 
cytotoxicity in which Fc receptor-bearing macro- 
phages or NK cells mediate the killing. Whether or 
not these Ig-dependent mechanisms of tumor kill- 
ing play a role in vivo remains unknown, 

MECHANISMS OF EVASION OF THE IMMUNE 
SYSTEM BY TUMORS 

Although malignant tumors may express pro- 
tein antigens that are recognized as foreign by the 
tumor host, and although immunosurveillance may 
limit the outgrowth of some tumors, it is clear that 
the immune system often does not prevent the 
occurrence of lethal human cancers. The simplest 
explanation for this may be that the rapid growth 
and spread of a tumor overwhelms the effector 
mechanisms of immune responses. In addition, 
many tumors acquire the ability to evade immune 
responses, much like microbes. A major focus of 
tumor immunology is to understand the ways in 
which tumor cells may evade immune destruction, 
with the hope that interventions can be designed 
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to increase the immunogenicity of tumors or the 
responses of the host. The process of evasion, of- 
ten called tumor escape, may be a result of several 
mechanisms. 

1. Class 1 MHC expression can be downregu- 
lated on tumor cells so that they cannot form com- 
plexes of processed tumor antigen peptides and 
MHC molecules required for CTL recognition. 
There are clear demonstrations that increasing 
class 1 MHC expression on tumor cells results in 
increased susceptibility of these cells to CTL lysis 
in. vitro and decreased tumorigenicity in vivo (Fig. 
18-5). Furthermore, transfecting class I MHC 
genes into murine tumor cells often decreases 
their ability to form tumors when they are trans- 
planted into healthy animals. Viruses have evolved 
ways to decrease class I MHC gene expression and 
assembly with peptides, thereby blocking the pre- 
sentation of viral antigens to CTLs. Exam- 



ples include the effects of adenovirus E1A on class 
I transcription, and herpes simplex virus inhibition 
of TAP function (see Chapters 6 and 16). These 
same mechanisms that inhibit surface expression 
of peptide-class I MHC complexes in infected nor- 
mal cells may be operative in virally induced tu- 
mors. However, when the level of MHC expression 
oh a broad range of experimental or human tumor 
cells is compared with the 'in vivo growth of those 
cells, no clear correlation exists. For example, 
metastatic tumors, which presumably have evaded 
immune attack, do not on the average express any 
fewer MHC proteins than non-metastatic tumors! 

2. Even tumors that express peptide-class I 
MHC complexes that are recognized by host CTLs 
may fail to activate the CTLs for two reasons. First, 
because most human tumor ceils do not express 
class II MHC molecules, they cannot directly acti- 
vate tumor-specific CD4 + helper T cells; Anti-tumor 
CTL activity is likely to be partly dependent on 
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FIGURE 18-5. Relationship 
between class I MHC expres- 
sion and tumorigenicity in ade- 
novirus-induced tumors. Rat 
cells that are malignantly trans- 
formed in vitro by infection with 
the Ad5 strain of adenovirus ex- 
press normal levels of class I 
MHC molecules and are not tu^ 
morigenic in syngeneic rats. In 
contrast, rat cells that are ma- 
lignantly transformed in vitro by 
infection with the Ad 12 strain of 
adenovirus express low levels 
of class I MHC molecules and 
are tumorigenic. Adl2-jnfected 
tumors can be induced to ex- 
press higher levels of class I 
MHC molecules by interferon-% 
and this treatment renders 
them non-tumorigenic. The in- 
terpretation of this experiment 
is that class I MHC expression 
on a virally induced tumor per- 
mits the host animal to mount a 
protective immune response, 
presumably against a virally en- 
coded antigen presented by the 
tumor cell in association with 
class 1 MHC molecules. 
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signals provided by helper T cells (see Chapter 
13). If professional APCs do not adequately infil- 
trate these tumors, take up and present tumor an- 
tigens, and activate helper T cells, then maximal 
anti-tumor CTL differentiation will not occur. 
Second, a lack of costimulators on tumor cells may 
impair T cell activation. Most tumors are derived 
from tissues that do not express the costimulators 
that provide second signals for helper T cell acti- 
vation (see Chapter 7). Furthermore, CTL activa- 
tion also requires costimulation by cell surface 
molecules, such as B7-1 or B7-2, that are lacking 
on tumor cells. Tumor cell antigen presentation to 
T cells in the relative absence of costimulators 
may induce peripheral tolerance (clonal anergy) in 
tumor-specific T lymphocytes (see Chapter 10). 

3. Tumor products may suppress anti-tumor 
immune responses. An example of an immunosup- 
pressive tumor product is transforming growth fac- 
tor-^ (TGF-/3), which is secreted in large quantities 
by many tumors and which inhibits a wide variety 
of lymphocyte and macrophage functions (see 
Chapter 12). Some tumors secrete IL-10, which also 
downregulates macrophage function. 

4. A host may be tolerant to some tumor anti- 
gens. This may be because of neonatal exposure to 
such antigens or because the tumor cell may 
present its antigens to the immune system in a 
tolerogenic form. Neonatally induced tolerance has 
been demonstrated for tumors caused by the mu- 
rine mammary tumor virus. This virus causes 
breast tumors in adult mice that have acquired the 
viral infection during neonatal life by nursing. Al- 
though these tumors are not seen as foreign in 
these mice and do not stimulate an immune re- 
sponse (because of neonatal tolerance), they are 
highly immunogenic when transplanted to synge- 
neic, virus-free adult mice. Another example of the 
relationship between neonatally induced tolerance 
and the growth of virally induced tumors is seen in 
mice that express the SV40 viral genome as a 
transgene. Transgenic mice that express the SV40 
genes during early development have a high inci- 
dence of tumors, and this is correlated with toler- 
ance to SV40 T antigen. In contrast, other SV40- 
transgenic mice in which expression of the 
transgene is delayed until later in life are not toler- 
ant to the SV40 T antigen and have a low inci- 
dence of tumors. 

5. Anti-tumor immunity can result in selection 
of mutant tumor cells that no longer express im- 
munogenic peptide-MHC complexes. This could oc- 
cur as a result of mutations or deletions in the 
genes encoding the tumor antigens, especially if 
the protein products of such genes are not critical 
for the malignant phenotype of the tumor. Alterna- 
tively, immunoselection may favor the growth of 
tumor cells with mutations or deletions in MHC 
genes needed for presentation of antigenic pep- 
tides. Given the generally high mitotic rate of tu- 
mor cells and their relative genetic instability, 
such mutations or deletions are theoretically likely. 



Analysis of tumors that are serially transplanted 
from one animal to another has shown that the 
loss of antigens recognized by tumor-specific CTL 
clones correlates with increased growth and meta- 
static potential. 

6. The loss of surface expression of tumor an- 
tigens as a result of antibody binding, called anti- 
genic modulation, leads to acquired resistance to 
immune effector mechanisms. Antigenic modula- 
tion is due to endocytosis or shedding of the anti- 
gen-antibody complexes. If antigenic modulation is 
caused by an anti-tumor antibody that does not fix 
complement, it may protect tumor cells from other 
complement-activating antibodies. Antigenic modu- 
lation is perhaps most relevant as a problem that 
complicates attempted passive immunotherapy 
with anti-tumor antibodies. 

7. The kinetics of tumor growth may allow for 
the establishment of immunologically resistant tu- 
mors before an effective immune response devel- 
ops. This phenomenon, called "sneaking through," 
can be experimentally modeled by transplantation 
studies. Transplantation of small numbers of tumor 
cells leads to establishment of lethal tumors (i.e., 
lack of rejection), whereas larger transplants of the 
same tumor are rejected. One presumed reason for 
this apparent contradiction is that small doses of 
tumor antigens are not sufficiently stimulatory to 
the immune system, and by the time many tumor 
cells grow in the transplant recipient, mutations in 
tumor antigen genes may have occurred that re- 
duce the chance of immune recognition. 

8. Tumor cell surface antigens can be hidden 
from the immune system by glycocalyx molecules, 
including sialic acid-containing mucopolysaccha- 
rides. This process is called antigen masking, and 
it may be a consequence of the fact that tumor 
cells often express more of these glycocalyx mole- 
cules than do normal cells. Similarly, some tumors 
may shield themselves from the immune system by 
activating the coagulation system, thereby invest- 
ing themselves in a "fibrin cocoon." 

IMMUNOTHERAPY OF TUMORS 

The potential for treating cancer patients by 
immunologic approaches has held great promise 
for immunologists and cancer biologists over much 
of this century. Advances in our understanding of 
the immune system and in defining antigens on 
tumor cells that are targets of T cell immunity 
have encouraged many new strategies. Several of 
these approaches are aimed at augmenting weak 
host immune responses to tumor antigens. In this 
section, we describe some of the modes of tumor 
immunotherapy that have been tried in the past or 
are currently being investigated. The discussion is 
divided into sections on: induction and augmenta- 
tion of active immune responses against an individ- 
ual's tumor; arid passive immunotherapy in which 
tumor-specific cells or antibodies raised ex vivo 
are administered to tumor patients. 
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Stimulation of Active Host immune Responses 
to Tumors 

Nonspecific Summation of the Immune System 

Nonspecific immune stimulation of tumor pa- 
tients with adjuvants, such as the baciile Calmette- 
Guerin (BCG) mycobacterium, injected at the sites 
of tumor growth has been tried for many years. 
This treatment serves mainly to activate macro- 
phages and thereby promotes macrophage-medi- 
ated tumor cell killing. Oncologists are still assess- 
ing the potential of local BCG administration in 
bladder carcinomas and melanomas. An experi- 
mental approach to nonspecific immune stimula- 
tion is the administration of low doses of anti-CD3 
antibodies to mice with transplanted fibrosarco- 
mas. This treatment results in polyclonal activation 
of T cells and, consequently, prevention of tumor 
growth. Cytokine therapies, discussed below, rep- 
resent another method of enhancing immune re- 
sponses in a nonspecific manner. 

Vaccination with Killed Tumor Cells 

Induction of protective immunity to tumors 
can theoretically be accomplished by active immu- 
nization procedures with purified tumor antigens 
or cells expressing these antigens. One method is 
to inject killed or irradiated tumor cells together 
with nonspecific adjuvants. The rationale for this 
approach is that antigen-bearing tumor cells may 
be able to induce a strong immune response if 
they are delivered to the immune system under 
conditions that favor lymphocyte activation. Mem- 
ory T cells expanded by such immunizations, it is 
hoped, would limit the growth of already estab- 
lished tumors. A wide variety of protocols has 
been tried, but the efforts have been largely unsuc- 
cessful, probably because the tumor cell vaccines 
do not effectively activate specific CTL responses. 
A variation on this approach, which we will dis- 
cuss later, is immunization with live tumor cells 
that have been transfected with genes that render 
the cells more immunogenic. 

Vaccination with Tumor Antigens or Peptides 

The identification of peptides recognized by 
human tumor-specific CTLs, and the cloning of 
genes that encode tumor-specific antigens recog- 
nized by CTLs, described earlier, has provided the 
basis for another form of active anti-tumor immuni- 
zation, namely the introduction of specific tumor 
antigens into tumor-bearing patients using immu- 
nogenic vaccine preparations. The rationale for 
this therapeutic" vaccine approach is the likeli- 
hood that the tumor-specific memory T cells in 
tumor patients could be actively and specifically 
stimulated by such vaccines, and further develop- 
ment of memory T cells could be enhanced. Immu- 
nization with these antigens can be theoretically 
accomplished by direct administration of purified 



peptide or protein, by immunization with cells ex- 
pressing recombinant genes which encode these 
antigens, or by injection of expression vectors en- 
coding tumor antigens (DNA vaccines). One draw- 
back of peptide vaccines is that the administered 
tumor peptides are unlikely to efficiently replace 
other non-immunogenic peptides already bound to 
MHC molecules on tumor cell surfaces. Intact pro- 
teins, on the other hand, are most likely to enter 
the class II MHC pathway of antigen presentation 

™ t0 ^ ivate CD4+ he| P er T ce,ls ' b ut not CD8+ 
CTLs. DNA vaccines may be the best way to in- 
duce CTL responses because the DNA can be 
taken up by host cells and the encoded antigens 
will be translated in the cytoplasm and enter the 
class I MHC pathway of antigen presentation For 
unique tumor antigens, such as may occur with 
random point mutations in cellular genes, such im- 
munization protocols may be impractical because 
they would require initial identification of these 
antigens from individual tumors by use of T cell 
probes. On the other hand, tumor antigens shared 
by many tumors, such as the MAGE, tyrosinase 
and gplOO antigens on melanomas or position 12- 
mutated Ras proteins, are potentially useful immu- 
nogens for many different cancer patients. It would 
be possible to determine whether a patient's tu- 
mor expresses a particular common tumor antigen 
by use of polymerase chain reaction (PCRVbased 
detection of the relevant mutated gene, and human 
leukocyte antigen (HLA) typing could be used to 
determine whether the patient expresses MHC mol- 
ecules that bind the immunodominant peptide 
from that antigen. As we have mentioned earlier in 
the chapter, vaccine trials are already under way 
for a variety of tumors. 

Immunization with cells expressing high levels 
of tumor antigen genes has the advantage that 
such antigens will have ready access to class I 
MHC pathways of antigen presentation and may be 
more efficiently presented to CTLs than will anti- 
gens in cell-free vaccines. This process could be 
accomplished by linking the genes encoding the 
antigens to active promoters, transfecting the con- 
structs into host tumor cells or other cell types ex 
vivo, and reintroducing the transfected cells into 
the patient. Alternatively, recombinant vaccinia vi- 
rus vectors with tumor antigen gene inserts can be 
used to achieve expression of tumor antigens in 
the patient. Infection of animals with recombinant 
vaccinia virus -containing tumor antigen genes has 
already been shown to establish protective immu- 
nity to subsequent challenges with tumors ex- 
pressing those antigens, but this method is not vet 
approved for humans. 

The development of virally induced tumors 
can be blocked by vaccination with viral antigens 
or attenuated live virus. This approach has been 
successful in reducing the incidence of feline leuke- 
mia virus -induced hematologic malignancies in 
cats and in preventing the herpesvirus-induced 
lymphoma called Marek's disease in chickens In 



humans, the ongoing vaccination program against 
the hepatitis B virus (HBV) may reduce the inci- 
dence of hepatocellular carcinoma, a cancer asso- 
ciated with HBV infection of the liver. 

Augmentation of Host Immunity to Tumors 
with costimulators and cytokines 

As we have discussed previously in this chap- 
ter, tumor cells may induce weak immune re- 
sponses because they lack costimulators, and usu- 
ally they do not express class II MHC molecules, 
so they do not activate helper T cells. Two po- 
tential approaches for boosting host responses to 
tumors are to provide costimulation for tumor- 
specific T cells artificially, and to provide exoge- 
nous cytokines that can enhance T cell growth and 
activation, thus replacing helper T cell func- 
tions. Many cytokines also have the potential to en- 
hance nonspecific inflammatory responses which 
by themselves may have anti-tumor activity. 
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The efficacy of enhancing T cell costimulation 
for anti-tumor immunotherapy has been demon- 
strated by animal experiments in which tumor 
cells were transfected with genes that encode co- 
stimulatory molecules (see Chapter 7). For exam- 
ple, tumor cells transfected with the gene encoding 
the B7-1 costimulatory molecule are potent stimu- 
lators of anti-tumor immune responses, compared 
with unmodified tumor cells (Fig. 18-6). When in- 
jected into naive syngeneic hosts, these B7-1 -ex- 
pressing tumor cells are rejected whereas unmodi- 
fied tumor cells are not. In addition, injection 
of B7-1 -expressing tumors at one site induces pro- 
tective immunity against unmodified tumor cells in- 
jected later at a distant site. The reason for this 
probably is that B7-1 molecules enhance specific 
CTL responses, but the cytolytic activity of fully 
differentiated (effector) CTLs is not dependent on 
B7-1. These successes with experimental tumor 
models may lead to therapeutic trials in which a 
sample of a patient's tumor is propagated in vitro, 
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FIGURE 18-6. Enhancement of tumor cell immunogenicity by transfection of costimulator or cytokine genes. Tumor cells that do 
not adequately stimulate T cells when transplanted into an animal will not be rejected and therefore will grow into tumors 
Iransfection of these tumor cells with constitutively active genes encoding costimulators or cytokines can lead to enhanced 
immunogemcity of the tumors, T cell-mediated rejection, and therefore no tumor growth. In addition, after rejection of these 
modified tumor cells, the animals retain specific immunity to subsequent challenges by the parent (untransfected) tumor cells. 
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transfected with costimulator genes, irradiated, 
and reintroduced into the patient. Such ap- 
proaches may succeed even if the rejection anti- 
gens expressed on tumors are not defined. 

The potential of various cytokines to enhance 
both specific and innate immune responses against 
tumors has also been demonstrated in experimen- 
tal models and has been realized in clinical prac- 
tice. In several experimental protocols, tumor cells 
are transfected with cytokine genes in order to 
localize the cytokine effects to where they are 
needed. For instance, when rodent tumors trans- 
fected with IL-2, IL-4, IFN-y, or granulocyte-macro- 
phage colony- stimulating factor (GM-CSF) genes 
are injected into animals, the tumors are rejected 
or regress. In some cases, intense inflammatory in- 
filtrates accumulate around the cytokine-secreting 
tumors, and the nature of the infiltrate varies with 
the cytokine (Table 18-4). Eosinophils and macro- 
phages accumulate around IL-4- producing tumors, 
macrophages dominate infiltrates around IFN-y- 
secreting tumors, and IL-2 -producing tumors are 
surrounded by massive lymphocytic infiltrates. In 
essence, the cytokines elaborated by the trans- 
fected tumor cells are acting as adjuvants. The im- 
portance of these findings is that the type of in- 
flammatory cells recruited by different cytokines 
may provide different effector functions as well as 
accessory cell functions required for optimal acti- 
vation of T cells. An important fact is that, in 
several of these studies, the injection of cytokine- 
secreting tumors induced specific, T cell-depen- 
dent immunity to subsequent challenges by un- 
modified tumor cells. This is most evident with 
tumors expressing transfected GM-CSF genes, and 
it may reflect the ability of GM-CSF to induce the 
differentiation of immature dendritic cells into ma- 
ture APCs. Thus, the local production of cytokines 
may augment specific T cell responses to tumor 
antigens, and cytokine-expressing tumors may act 



as true tumor vaccines. Several clinical trials with 
cytokine gene -transfected autologous or alloge- 
neic tumors are under way in advanced cancer 
patients. Another approach to achieve cytokine 
production around tumor cells is the use of biode- 
gradable polymer microspheres that release encap- 
sulated cytokines gradually over extended time pe- 
riods. The microspheres are mixed with irradiated 
tumor cells from a patient ex vivo, and the mixture 
is then reinjected. This method avoids the techni- 
cally cumbersome requirement of transfecting tu- 
mor cells. 

Cytokines are also administered systemically 
for the treatment of various human tumors. This 
type of experimental therapy became feasible 
when highly purified or recombinant cytokines 
were made available in sufficient quantities. Many 
of the protocols for cytokine therapy are continu- 
ally being modified to take into account toxic sys- 
temic effects, and the application of this approach 
to different tumors is continually being explored. 

L IL-2, administered in high doses, is used 
alone or in conjunction with adoptive cellular im- 
munotherapy (discussed later). After administra- 
tion of IL-2, there is an increased number of blood 
lymphocytes and NK cells, an increase in NK and 
LAK cell activity, and increases in serum TNF, IL-1, 
and IFN-y. Presumably, the IL-2 works by stimulat- 
ing the anti-tumor activity of NIC cells and/or CTLs, 
i.e., by inducing LAK cell differentiation in vivo. 
The treatment can be highly toxic, causing fever, 
pulmonary edema, and often shock. These effects 
occur because the IL-2 stimulates production of 
other cytokines by T cells, which have deleterious 
effects at high doses. IL-2 has been effective in 
inducing measurable tumor regression responses 
in about 10 to 15 per cent of patients with ad- 
vanced melanoma and renal cell carcinoma and is 
currently an approved treatment for these cancers. 
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Abbreviations: GM-CSF, granulocyte-macrophage colony- stimulating factor. 
Adapted from Pardoll, D. M, Cancer vaccines. Immunology Today 14:310-316, 1993. 
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2. TNF clearly has potent anti-tumor effects in 
vitro, and clinical trials of TNF in advanced cancer 
patients have been performed. Unfortunately, high 
doses of TNF produce many undesirable patho- 
logic effects (see Chapter 12), and TNF can be 
highly toxic at the doses required for tumor killing 
in vivo. Local injection of TNF is used to treat limb 
sarcomas, and in these cases, venous return from 
the extremity is reduced during the treatment to 
minimize systemic effects. 

3. Alpha-interferon (IFN-a) is a type I inter- 
feron, produced largely by leukocytes (see Chapter 
12). It has antiproliferative effects on cells in vitro, 
increases the lytic potential of NK cells, and in- 
creases class I MHC expression on various cell 
types. Clinical trials of this cytokine indicate that it 
can induce regression of renal carcinomas, melano- 
mas, Kaposi sarcomas, various lymphomas, and 
hairy cell leukemias (a B cell lineage tumor). In 
fact, IFN-a treatment of hairy cell leukemia was 
used routinely in many medical centers until a new 
and successful chemotherapeutic drug was re- 
cently introduced. Currently, IFN-a is used in con- 
junction with chemotherapy for the treatment of 
metastatic melanoma. 

4. IFN-y treatment of various hematopoietic 
and solid tumors has been intermittently success- 
ful, and intraperitoneal administration of IFN-y for 
the treatment of ovarian carcinomas has also been 
evaluated, but this cytokine is not part of any es- 
tablished therapeutic regimen. The rationale for 
using IFN-y is that the macrophage- and NK-activat- 
ing properties of this cytokine, as well as its ability 
to upregulate MHC molecule expression, would 
help enhance anti-tumor immunity. 

5. Hematopoietic growth factors, including 
GM-CSF and granulocyte colony-stimulating factor 
(G-CSF), are used in cancer treatment pro- 
tocols, although not strictly to enhance immune 
responses against tumors. Rather, they shorten 
periods of neutropenia after chemotherapy or 
autologous bone marrow transplantation by stimu- 
lating maturation of granulocyte precursors. 

6. There is a lot of interest in the potential of 
IM2 to enhance anti-tumor NK- and T cell -medi- 
ated immune responses, and toxicity trials in ad- 
vanced cancer patients are now under way. 

Passive Tumor Immunotherapy 

Passive immunotherapy involves the transfer 
of immune effectors into a patient from an external 
source. Antisera specific for bacterial or snake tox- 
ins are examples of passive therapy that are 
widely used in clinical practice. The same ap- 
proaches have been used in tumor immunother- 
apy, with variable success, and have included pas- 
sive transfer of lymphocytes and antibodies. 

Adoptive Cellular Immunotherapy 

Adoptive cellular immunotherapy refers to 
the transfer of cultured immune cells that have 
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anti-tumor reactivity into a tumor-bearing host. 
Two variations to this approach have been tested 
in clinical trials. 

1. Lymphokine-activated killer (LAK) cell 
therapy involves the in vitro generation of LAK 
cells by removing peripheral blood leukocytes 
from tumor patients and culturing the cells in high 
concentrations of IL-2. The LAK cells are then in- 
jected back into the cancer patients. As discussed 
previously, LAK cells are predominantly derived 
from NK cells. Adoptive therapy with autologous 
LAK cells, in conjunction with in vivo administra- 
tion of IL-2 or chemotherapeutic drugs, has yielded 
impressive results in mice, with regression of solid 
tumors. Human LAK cell therapy trials have so far 
been largely restricted to advanced cases of meta- 
static tumors, and the efficacy of this approach 
appears to be highly variable from patient to pa- 
tient. F 

2. Tumor-infiltrating lymphocyte (TIL) ther- 
apy involves the generation of LAK cells from 
mononuclear cells originally isolated from the in- 
flammatory infiltrate present in and around solid 
tumors, obtained from surgical resection speci- 
mens. The rationale for this approach is that TILs 
may be enriched for tumor-specific GTLs and NK 
cells. In fact, TILs do include activated NK cells 
and CTLs, but only some of the cells in these 
mixed populations of cells are specific for the tu- 
mors from which they were isolated. As we have 
discussed previously, many melanoma-specific CTL 
clones have been derived from melanoma TILs. Hu- 
man trials with TIL therapy are ongoing. One ap- 
proach for local delivery of cytokines to tumors is 
transfection of TILs with cytokine genes; this has 
been attempted with TNF in a small number of 
patients with limited success. 

Therapy with Anti-Tumor Antibodies 

Many variations on the use of passively admin- 
istered antibodies in cancer therapy have been 
tried. One approach is to use antibodies that bind 
tumor antigens as vehicles to bring toxic agents to, 
and selectively kill, tumor cells. The potential of 
using antibodies as "magic bullets" has been allur- 
ing to investigators for many years and is still a 
very active area of research. In addition, in vivo 
administration of antibodies specific for T cells 
may be employed to augment cellular responses 
nonselectively or to target immune effector cells to 
tumors. Several types of these antibody treatments 
are described below. 

1. Anti-tumor antibodies coupled to toxic mol- 
ecules, radioisotopes, and drugs have all been 
used in immunotherapy trials in cancer patients or 
in experimental animals. Toxins such as ricin or 
diphtheria toxin are highly potent inhibitors of 
protein synthesis and can be useful at extremely 
low doses if they are bound to antibodies to form 
immunotoxins. This approach requires the co- 
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valent attachment of the toxin (lacking its cell- 
binding component) to ah anti-tumor antibody 
molecule without loss of toxicity or antibody spec- 
ificity. The systerhically injected immunotoxin 
must be endocytosed by tumor cells and delivered 
to the appropriate intracellular site of action. An- 
other approach is to covalently attach anti- 
neoplastic drugs or cytocidal radioisotopes to anti- 
tumor antibodies. 

Several practical difficulties must be overcome 
for this technique to be successful. The specificity 
of the antibody must be such that it does not 
significantly bind to non-tumor cells. As we have 
discussed, there are few truly tiimor-specific anti- 
gens to select when an antibody-based immuno- 
therapy approach is designed. Many TSAs are pep- 
tides derived from cytoplasmic proteins that are 
presented bound to class I MHC molecules, and 
antibodies that will recognize these bound pep- 
tides are difficult to make. Most anti-tumor anti- 
bodies are directed at ceil surface TAAs that are 
more highly expressed on tumor cells than on nor- 
mal tissues: It is also difficult to ensure that a 
sufficient amount of antibody reaches the appro- 
priate tumor target before it is cleared from the 
blood by Fc receptor- bearing phagocytic cells. 
Such clearance may not only reduce anti-tumor ef- 
fectiveness but may also damage phagocytic cells. 
The toxins, drugs, or radioisotopes attached to the 
antibody may have systemic effects as the result of 
circulation through normal tissues. For example, 
hepatotoxlcity and vascular leak syndromes are 
common problems with immunotoxin reagents. 
Since the anti-human tumor antibodies used in 
clinical trials are usually made in other species, as 
are conjugated plant or bacterial toxins, there is 
frequently an immune response resulting in anti- 
antibodies or anti-toxins that may cause increased 
clearance rates or block binding of the therapeutic 
reagent to its target. One way to diminish this 
problem is to use recombinant, "humanized" anti- 
bodies comprising the variable regions of a mouse 
monoclonal antibody specific for the tumor antigen 
combined with human Fc portions (see Chapter 3, 
Box 3-1). Another problem with the use of anti- 
tumor antibodies is the outgrowth of mutant tumor 
cells that no longer express the antigens that the 
antibody recognizes. This is particularly likely to 
happen if the target antigens are not required for 
the malignant phenotype. One way to avoid this 
problem is to use cocktails of antibodies with 
specificities for different TAAs expressed on the 
same tumor. 

The results of clinical trials with anti-tumor 
antibody conjugates (imniunotoxins) have been 
variable. Toxin- and radionuclide-conjugated anti- 
bodies with specificities for various TAAs on mela- 
nomas and carcinomas have been tried. In addi- 
tion, antibody conjugates specific for CD19, CD22, 
and CD30 have been used to treat B cell lympho- 
mas. Several clinical trials have used antibodies 
specific for the human interleukin-2 receptor a 



(IL-2Ra) chain for treatment of adult T cell leuke- 
mias, which usually express high levels of IL-2Ra. 
Mouse and humanized anti-IL-2Ra antibodies have 
been used in unconjugated forms. Such antibodies 
could cause complement-mediated lysis of IL-2R- 
expressing tumor cells. Anti-11^2 receptor antibod- 
ies have also been conjugated to various agents, 
including diphtheria toxin and the a-particle-emit- 
ting radionuclide yttrium 90. In a related strategy, 
a chimeric protein in which IL-2 itself is linked to 
the effector chain of Pseudomonas toxin has been 
used to treat T cell lymphomas. Anti-IL-2R therapy 
is not tumor-specific and may be immunosuppres- 
sive because normal, activated T cells would be 
rendered nonfunctional. In general, the efficacy of 
these various agents is limited, and only a small 
percentage of patients show significant reductions 
in tumor burden. Nonetheless, intermittent suc- 
cesses have encouraged further refinement of the 
reagents. Furthermore, trials of these reagents in 
immunodeficient mice with xenografted human tu- 
mors continue to generate new candidates for hu- 
man trials. For example, a monoclonal antibody 
specific for a Lewis Y-related antigen conjugated 
to the chemotherapeutic agent doxorubicin cures 
widely metastatic human carcinomas transplanted 
into athymic mice, 

2. Anti-idiotypic antibodies have been used in 
the treatment of B cell lymphomas that express 
surface Ig with particular idiotypes. The idiotype is 
a highly specific tumor antigen since it is ex- 
pressed only on the neoplastic clone of B cells, 
and there was once great hope that anti-idiotypic 
antibodies would be effective therapeutic reagents 
with absolute tumor specificity. (Anti-idiotypic anti- 
bodies are raised by immunizing rabbits with a 
patient's B cell tumor and depleting the serum of 
reactivity against all other human immunoglobu- 
lins.) This strategy relies on complement fixation 
or antibody-dependent cell-mediated Cytotoxicity 
(ADCC) to kill the lymphoma cells. The approach 
has not proved generally successful, and there are 
many reasons why it may not work. Because sur- 
face Ig expression is not functionally related to the 
malignant phenotype of the cell, selective out- 
growth of non-Ig-expressing tumor cells can oc- 
cur. Moreover* the high degree of somatic muta- 
tion known to occur in Ig genes results in the 
selective outgrowth of tumor cells with altered idi- 
otypes no longer reactive with the anti-idiotypic 
antibody. Attempts to circumvent these problems 
with cocktails of several different antibodies have 
also not proved successful. More recently, immuni- 
zation of animals with DNA encoding Ig idiotypes 
has been shown -to induce anti-idiotypic antibody 
responses, and this strategy is being considered 
for the treatment of lymphomas. 

3. Heteroconjugate antibodies may allow tar- 
geting of cytotoxic effector cells onto tumor cells. 
In this approach, an antibody specific for a tumor 
antigen is covalently coupled to an antibody di- 
rected against a surface protein on cytotoxic effec- 



tor cells, such as NK cells or CTLs. Such hetero- 
conjugates can promote binding of the effector 
cells to tumor cells. A heteroconjugate consisting 
of an anti-CD3 antibody coupled to an antibody 
against a tumor cell surface protein has been used 
to enhance CTL-mediated lysis of the tumor cell In 
this case, the anti-CD3 antibody not only served to 
bring the CTL into contact with the target cell, but 
it also activated the CTL. A related approach is to 
use conjugates of antibodies specific for effector 
cells with hormones whose receptors are ex- 
pressed on tumor cells. For example, anti-CD3 anti- 
bodies coupled to melanocyte-stimulating hormone 
enhance in vitro destruction of human melanoma 
cells by CTLs. These types of antibody therapies 
have so far been tried only in experimental animal 
studies. 

Another way anti-tumor antibodies have been 
used for cancer treatment is for the in vitro deple- 
tion of bone marrow tumor cells by antibody plus 
complement-mediated lysis. This is useful for au- 
tologous bone marrow transplants in B cell 
lymphoma patients. In this protocol, some of the 
patient's bone marrow is removed, and the patient 
is given lethal doses of radiation and chemother- 
apy, which destroy tumor cells and the remaining 
normal marrow cells in the patient. The bone mar- 
row removed from the patient is then treated with 
antibodies directed against B lymphocyte-specific 
antigens, which are known to be expressed on the 
B cell-derived lymphoma cells. Complement is 
then added to promote lysis of the lymphoma cells 
that have bound antibody. The treated marrow, 
having been purged of lymphoma cells, is trans- 
planted back into the patient and can reconstitute 
the hematopoietic system destroyed by irradiation 
and chemotherapy. 



SUMMARY 

Malignant tumors express antigens that may 
stimulate and serve as targets for anti-tumor immu- 
nity. Protective anti-tumor immune responses oc- 
cur in experimental animal models. However, it has 
been more difficult to demonstrate that innate or 
specific immune responses can protect humans 
against tumor growth. The development of virally 
induced tumors, which express virally encoded an- 
tigens, can be inhibited by specific immune re- 
sponses. Antigens unique to individual tumors, 
which stimulate specific rejection of transplanted 
tumors, do occur in experimental animal tumors. 
Other tumor antigens that can stimulate immune 
responses are shared by different tumors, and 
these include viral antigens, products of mutated 
or rearranged oncogenes or tumor suppressor 
genes, and products of derepressed genes. Human 
CTL clones specific for tumor antigens have been 
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isolated from tumor patients, and the peptide anti- 
gens or genes encoding these antigens have been 
identified. Tumors may also express tissue differ- 
entiation antigens or embryonic antigens to which 
the host is tolerant; these molecules are useful di- 
agnostic markers. Many immunologic effector 
mechanisms can destroy tumor cells in vitro. One 
or more of these mechanisms may work on tumor 
cells in vivo, and different mechanisms may be ef- 
fective on different tumors. CTLs are probably the 
most important effectors of anti-tumor immunity in 
vivo, although NK cells and macrophages may also 
be involved. Various mechanisms may explain how 
antigen-expressing tumors escape destruction by 
the immune system. These mechanisms include 
poor immunogenicity of tumors due to lack of co- 
stimulators and/or inability to stimulate class II 
MHC -restricted helper T cells, downregulation of 
MHC molecules, induction of tolerance to tumor 
antigens, loss of expression of immunogenic pro- 
teins due to mutations, modulation of tumor anti- 
gens by anti-tumor antibodies, and immunosup- 
pression of the host. Treatment of tumors by 
immunologic approaches has not yet succeeded on 
a large scale, but new techniques are being tested. 
Strategies to enhance T cell -mediated anti-tumor 
immunity, adoptive cellular immunotherapy, and 
cytokine treatment all continue to be investigated. 
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Abstract 

For the development of immunotherapy using MAGE peptides, the 
Identification of additional tumor antigens is required. Because HLA-A24 
is the most common allele in Japanese and is also frequently present in 
Caucasians, MAGE-3-encoded synthetic peptides with binding affinity for 
HLA-A24 were thus tested for the induction of specific CTLs from the 
peripheral blood mononuclear cells (PBMCs) of HLA-A24 healthy donors 
using a simplified method. By using a peptide with a sequence of 
IMPKAGLLI (amino acid position in MAGE-3 195-203), the CTL re- 
sponses could thus be induced from unseparated PBMCs by stimulation 
with freshly isolated, peptide-pulsed PBMCs as antigen- presenting cells 
(APCs) and by also using interleukin 7 and keyhole limpet hemocyanin for 
a primary culture. The induced CTLs could lyse HLA-A24 carcinoma 
cells expressing MAGE-3, as well as the peptide-pulsed target cells, in an 
HLA class-I restricted manner. The identification of the MAGE-3/HLA- 
A24 peptide, IMPKAGLLI, may thus potentially offer the opportunities to 
design peptide-based immu no therapeutic approaches that might prove to 
be effective in treating patients with MAGE-3-positive malignant tumors. 

Introduction 

The antigenic peptides derived from the tumor antigen gene, 
MAGE, thus appear to serve as a target for CTLs in the context of 
HLA class I molecules, and some of these peptides have already been 
identified. Because the MA GE genes have been shown to be expressed 
in various tumors but not in normal tissue except for the testis (1), the 
tumor antigens thus appear to be potential targets for tumor-specific 
immunotherapy using antigenic peptides. Therefore, immunization 
using these MAGE peptides are presently under investigation (2). 

Although several antigenic peptides encoded by MAGE genes have 
already been described (3-7), the identification of additional tumor 
antigens is still required for the development of this type of immu- 
notherapy. For the identification of potential peptides, peptides capa- 
ble of binding with a high affinity to target HLA alleles can thus be 
defined based on the screening of sequences for the presence of MHC 
binding motifs (o, 9). In addition, the immunogenicity of these po- 
tential peptides could also be tested by primary in vitro CTL induction 
using PBMCs 3 obtained from normal HLA-typed individuals (10). 
Using this approach, the antigenic peptides derived from MAGE-3 
presented by HLA-A1 (10), -A2 (6), and -B44 (7) have thus been 
identified. Because the MAGES gene is expressed in a high propor- 
tion of melanoma as well as several other types of tumors (1 1-14), the 
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MAGE-3 antigen presented by HLA- A24, which is the most common 
allele in Japanese (15) and is also frequently present in Caucasians 
(16), might, therefore, have a wide applicability for immunotherapy in 
the treatment of melanoma and other tumors. 

We recently developed a simplified method to efficiently induce 
MAGE-specific CTLs from the PBMCs of a healthy donor by in vitro 
stimulation with MAGE peptide (17). In the present study, we inves- 
tigated the induction of MAGE-3-specific CTLs from the PBMCs of 
HLA-A24 healthy donors by in vitro stimulation with a MAGE-3 
synthetic peptide binding with a high affinity to the HLA-A24 mol- 
ecule by using our newly developed method to identify the potential 
peptide derived from a MAGES gene presented by HLA-A24. 

Materials and Methods 

Cell Lines. The TISI cells, a human B-lymphoblastoid cell line showing 
HLA-A24, were supplied by the Takara Shuzo Co., Ltd. (Otsu, Shiga, Japan). 
The EBV-transformed B lymphoblastoid cells, MH1, were established in our 
laboratory using PBMCs from a blood donor in this study using a technique 
described previously. The colon carcinoma cell line WiDr, the breast cancer 
cell line MRKnul, the gastric carcinoma cell line Kato-III, and K562 were all 
supplied by the Japanese Cancer Research Bank (Tokyo, Japan). The esoph- 
ageal cancer cell line TE1 1 was provided by the Tohoku University Cell Bank 
(Sendai, Japan). These cell lines were maintained in RPMI 1640 containing 
1 0% fetal bovine serum and antibiotics. 

Synthetic Peptides. The peptides used for the MHC binding assays were 
purchased from Chiron/Mimotopes (Clayton, Victoria, Australia). Peptides 
used as radioactive probes were synthesized in-house, high performance liquid 
chromatography purified, and radioiod mated as described previously (9). 

MHC Binding Assay. The peptide binding assay specific for the class I 
MHC molecule was also described previously (9). In brief, the assay is based 
on the inhibition of binding of radiolabeled standard peptides to detergent 
solubilized MHC molecules. The sequence of the standard peptide used for the 
MHC binding study for HLA-A24 was AYIDNYNKF. The standard peptide 
was radioiodinated using ,25 I by the chloramine T method. HLA-A concen- 
trations, yielding approximately 15% of bound peptide, was used in the 
inhibition assay. Various doses of the test peptides (10 jam to 1 nM) were 
incubated together with 5 nM of radiolabeled standard peptide and HLA-A 24 
molecules for 2 days at room temperature in the presence of a cocktail of 
protease inhibitors and 1 jim 0 2 -microgloblin. At the end of the incubation 
period, the percentage of MHC-bound radioactivity was determined by gel 
filtration. 

CTL Induction Using Synthetic MAGE-3 Peptides. The CTL induction 
in vitro was performed according to the procedure as described previously 
(17). In brief, the PBMCs of a heaJthy donors (HLA-A24) were collected by 
centrifugation on a Ficoll-Paque density gradient. The PBMCs were prepulsed 
by purified peptides at a final concentration of 20 fig/m\ for 3 h at 37 °C. The 
cells were cultured in an RPMI 1640 supplemented with 5% heat- in activated 
AB serum, 100 units/ml penicillin, 100 mg/m! streptomycin sulfate (Life 
Technologies, Inc., Grand Island, NY), and 50 jim 2-mercaptoethanol (Wako 
Pure Chemical Industries, Ltd., Osaka, Japan), with the addition of keyhole 
limpet hemocyanin (5 ag/ml, Calbiochem-Novabiochem Co., San Diego, CA) 
and IL-7 (25 ng/ml; Upstate Biotechnology, Inc., Lake Placid, NY), On day 3, 
recombinant IL-2 was then added to the culture at 30 IU/ml. The responded 
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cells were restimulated every 7 days with freshly isolated autologous PBMCs 
that had been prepulsed with peptide and treated with mytomicin C (Kyowa 
Hakko Co., Ltd., Osaka, Japan). The cultures were fed with a fresh medium 
containing IL-2 1 day after every restimulation. The CTL activity was assessed 
on day 28. 

Phenotypic Analysts. Flow cytometry of the CTLs was performed using a 
FACScan. The cells were stained with murine anti-human monoclonal anti- 
bodies against CD3, CD4, and CD8 (Becton Dickinson, San Jose, CA). 
Isotype- matched murine antibodies (Becton Dickinson) served as negative 
controls. 

Cytotoxicity Assay. The target cells were labeled with 100 /iCi of sodium 
5, chromate ( 5l Cr) for 1 h at 37°C, and the labeled cells were then washed and 
resuspended. The peptide-pulsed targets, TISI cells, were prepared by incu- 
bating, the cells with the peptides (20 u-g/ml) overnight at 37°C and then 
labeling them with 5, Cr. The effector cells were placed in each well of 
round-bottomed microliter plates. The labeled target cells were then added to 
the well at a concentration of 5 X 10 3 celts/well to produce a total volume of 
0.2 ml. After a 4-h incubation period, the release of the 31 Cr label was then 
measured by collecting the supernatant, followed by quantitation in an auto- 
mated gamma counter. The percentage of specific cytotoxicity was calculated 
as the percentage of specific 51 Cr release: [(experimental 31 Cr release - con- 
trol 31 Cr release)/(maximum 51 Cr release - control 5, Cr release)] X 100. To 
eliminate any nonspecific lysis due to natural killer-like effectors, the cytolytic 
activity was tested in the presence of a 30-fold excess of unlabeled K562 cells. 

Inhibition of Cytotoxicity with Monoclonal Antibodies. Appropriate tar- 
get cells were incubated with monoclonal antibodies at a final concentration of 
1 :20 for 1 h at 4°C prior to the assay for cytotoxicity. The monoclonal antibody 
used was anti-HLA class I antibody (Immunotech, Marseille, France). 

Reverse Transcription-PCR Analysis of MAGE-3 Expression. Total 
RNA was isolated from the tumor cell lines using the acid guanidinium 
thiocynate-phenol-chloroform extraction procedure (18). cDNA was synthe- 
sized by reverse transcription from 2.5 ^g of total RNA as described previ- 
ously. MAGE-3 cDNA was detected by PCR amplification using oligonucleo- 
tide primers specific for the different exons of the MAGE-3 gene (13, 14). The 
primer sequences were 5'-TGGAGGACCAGAGGCCCCC-3' (AB-5) and 5'- 
GG ACGATTATCAGGAGGCCTGC-3 ' (BLE-5). PCR was performed for 33 
cycles (30 s at 94*C, 40 s at 72°C). The PCR product was size-fractioned on 
1% agarose gel. To ensure that the RNA had not degraded, a PCR assay with 
primers specific for the gene glyceraldehyde-3-phosphate dehydrogenase 
cDNA was thus carried out in each case. The primers used for the amplification 
of glyceraldehyde-3-phosphate dehydrogenase were 5 '-GTC AACGGATTTG- 
GTCGTATT-3' and 5 ' - AGTCTTCTGGGTGGCAGTGAT-3 ' (19). 

Results 

Expression of MAGE-3 mRNA. We analyzed the expression of 
MAGE-3 mRNA in all cell lines used in this study (Fig. 1). The 
MAGE-3 gene was expressed in WiDr (colorectal cancer cell line, 
HLA-A24*), MRKnul (breast cancer cell line, HLA-A24 + ), TE11 
(esophageal cancer cell line, HLA-A24 + ), and Kato-III (gastric car- 



Table 1 HLAA24 binding of motif containing nonapeptides derived from the 
sequence of MAGES 



Sequence 



Position" 



Binding* (IC 50 . nM) 



NWQYFFPV1 

IMPKAGLLI 

VAELVHFLL 

NYPLWSQSY 

IFSKASSSL 



142 
195 
113 

76 
150 



II 
14 

149 
363 
363 



u Refers to the residue number of the first position of the peptide in relation to the 
sequence of the entire gene product 

Concentration of the peptide necessary to inhibit 50% binding of the radiolabeled test 
peptide to purified HLA-A24 molecules. 





MAG E-3/HLA-A24 peptide (+) 
MAGE-3/HLA-A24 peptide (-) 



MAGE-3 

725bp 



GAPDH 




Fig. 1. Expression of the MAGE-3 gene in cells, detected by RT-PCR and agarose gel 
electrophoresis. PCR amplification was performed with specific oligonucleotides. 
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Fig. 2. The cytotoxic activity of the effector cells induced by stimulation with 
MAGE-3/HLA-A24 peptide IMPLAGLLI against TISI cells pulsed with the peptide. The 
effector cells were obtained by stimulating PBMCs for 28 days with mitomycin C-treated 
autologous PBMCs pulsed with the peptide. TISI cells were pulsed either with or without 
20 fig/ml of this peptide overnight and then were labeled with 3, Cr. The cytotoxic activity 
against the TISI cells pulsed either with or without the peptide was assessed at various E:T 
ratios. 



cinoma cell line, HLA-A24"). However, the expression of the 
MAGE-3 gene was not observed in MH1 (EBV-transformed autolo- 
gous B cell, HLA-A24+) and TISI (human B-lymphoblastoid cell 
line, HLA-A24 + ). 

Identification of Peptides from MAGE-3 That Bind to HLA- 
A24. Initially, the known sequences of MAGE-3 were screened for 
peptides containing the anchor motif for HLA-A24 (9). Five peptides 
of nine residues were found to contain the binding motif for HLA- 
A24. These peptides were synthesized and tested for binding to 
purified HLA-A24 molecules. The results from the binding assay 
showed that two peptides bound to HLA-A24 with high affinity (<50 
nM required to achieve 50% inhibition), and three peptides were, 
intermediate HLA-A24 binders (50-500 nM required for 50% inhibi- 
tion; Table 1). 

Induction of CTLs using MAGE-3-derived Peptides. Using the 
simplified method for CTL induction, we stimulated PBMCs from at 
least two normal volunteers with the synthetic peptides. Of five 
peptides studied, a high MHC binder (IMPKAGLLI) was able to elicit 
CTLs. After 28 days of culture, the induced effector cells exhibited 
more than 60% cytotoxicity against the peptide-pulsed TISI cells, 
compared with the less than 10% cytolysis observed against TISI cells 
alone, at the E:T ratio of 80:1 (Fig. 2). Furthermore, the induced cells 
were also able to !yse WiDr (MAGE-3 + , HLA-A24 + ), TE11 
(MAGE-3 + , HLA-A24+) cells, and MRKnul (MAGE-3 + , HLA- 
A24 + ). However, the cytolysis was minimal against Kato-III 
(MAGE-3 + , HLA-A24-) and MH1 (MAGE-3", HLA-A24+) cells 
(Fig. 3). No anti-peptide or antitumor reactivities were detected in the 
case of the remaining four peptides, except for the peptide VAELVH- 
FLL, which is presently under investigation. 

Characterization of the Cytotoxic Effectors. A flow cytometric 
analysis was performed before and after the culture in the case of the 
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Fig. 3. Lysis of various tumor celt lines by the effector cells induced 
by using the peptide IMPKAGLLI. The cytotoxic activity of the effector 
cells was assessed against WiDr (colorectal carcinoma cell line, HLA- 
A24 + , MAGE-3 + ), TE1 1 (esophageal carcinoma cell line, HLA-A24+, 
MAGE-3 + ), MRKnul (breast carcinoma cell line, HLA- A24 + , MAGE- 
S' 1 '). Kato-IH (gastric carcinoma cells, HLA-A24", MAGE-3 + ), and 
MH1 (EBV transformed autologous B cell line, HLA-A24 + , MAGE- 
3"). at various E:T ratios. 
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peptide IMPKAGLLI (Fig. 4). Following the culture, the number of 
CD3 + gradually increased. The percentage of CD4 + cells continued 
to increase until day 21 and thereafter decreased, whereas the CD8 + 
cells increased after day 21. On day 28, 98% of the cell population 
was CD3 + , and 80% of these cells were positive for CD8. 

Inhibition of the Recognition of Effectors by Monoclonal Anti- 
body. To determine whether the induced effector cells using the 
peptide IMPKAGLLI recognized the MAGE-3 expressing targets in a 
HLA-restricted manner, the monoclonal antibody generated against 
HLA class I molecules was used to block the recognition by effectors. 
The cytotoxic activity of the effector cells against WiDr, TE1 1, and 
MRKnul was thus significantly eliminated by the anti-HLA-class-I 
antibody (Fig. 5). These results, therefore, suggest that the induced 
effectors lysed the target cells expressing MAGE-3 in an HLA class 
I-restricted manner. 

Discussion 

The antigenic peptides derived from the MAGE-3 gene that can be 
recognized in the context of HLA class-I molecules have been inves- 
tigated. The MAGE-3-encoded peptide presented by HLA- A I has 
also been identified by using tumor-specific HLA-A1 -restricted CTL 
clones derived from autologous PBMCs stimulated with irradiated 




mAb 




Fig. 4. Phenotype of the effector ceils stimulated with MAGE-3/HLA-A24 peptide 
IMPKAGLLI. Effector cells generated from a healthy donor were stimulated with the 
MAGE-3 peptide, and these cells were stained with anti-CD3, anti-CD4, and anti-CD8 
monoclonal antibody. 
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tumor cells of a melanoma patient (4). On the other hand, the same 
MAGE-3 peptide was thus reported to be independently identified by 
the in vitro primary induction of peptide-specific CTLs that lysed the 
HLA-A1 tumor expressing MAGE-3 from the PBMCs of healthy 
donors using a high-affinity HLA-A1 binding synthetic peptide (10). 
Using the latter approach, CTLs that recognized HLA-A2 tumor cells 
expressing MAGE-3 were thus obtained from a MAGE-3 peptide that 
bound to HLA-A2 (6). Furthermore, the HLA-B44-restricted 
MAGE-3 peptide has been reported previously to be identified using 
similar procedures (7). In the present study, we induced specific CTLs 
that lysed HLA-A24 tumor cells expressing MAGE-3 in an HLA class 
I-restricted manner by the in vitro stimulation of PBMCs in an 
HLA-A24 healthy donor with an HLA-A24 binding synthetic peptide 
derived from MAGE-3 IMPKAGLLI, by using our simplified method 
reported previously (17). 

For the in vitro induction of peptide-specific CTLs from PBMCs, 
complicated manipulations are required (6, 7, 10). These procedures 
include the sorting of CD8 + T cells; the usage of several cytokines 
such as IL-2, IL-4, IFN-y, IL-6, IL-7, and IL-12; and the generation 
of lymphoblastoid cells or dendritic cells such as antigen-presenting 
cells. However, we recently developed a simplified method to gener- 
ate peptide-specific CTLs from the PBMCs of healthy donors by 
stimulation with MAGE peptide, in which the CTL responses were 
induced from unseparated PBMCs, by using IL-7 and keyhole limpet 
hemocyanin for primary culture and then freshly isolated PBMCs for 
every stimulation as antigen-presenting cells (17). Using this simple 
method, a MAGE-3-encoded peptide binding to HLA-A24 was thus 
able to induce HLA-A24-restricted, MAGE-3-specific CTLs from the 
PBMCs of a healthy donor in this study. 

In a previous experiment on the generation of MAGE-3/HLA-A2 
peptide-specific CTLs, the induced CTLs could lyse the peptide- 
pulsed target cells, whereas a significant level of lysis by the induced 
CTLs was observed only on the HLA-A2 tumor cells expressing 
MAGE-3 that had been pretreated with IFN-7 and TNF-a to induce a 
higher expression of HLA class I molecule (6), even though the 
peptide-specific CTLs induced by using MAGE-1/HLA-A1 or 
MAGE-3/HLA-B44 peptide were able to kill the target cells that 
endogenously presented the MAGE-3 epitope (7, 10). Our results 
showed that significant levels of lysis could be detected against 
HLA-A24 carcinoma cells expressing MAGE-3, without pretreatment 
with these cytokines, as well as peptide-pulsed target cells, when the 
CTLs were induced by stimulation with a MAGE-3/HLA-A24 
peptide. 

Because the MAGE genes were not expressed in normal tissues 
with the exception of the testis, the antigens encoded by these genes 
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Fig. 5. Inhibition of the recognition of the effector cells by the anti-HLA class I 
antibody. The target cells, WiDr, TE1 1, and MRKnul, were incubated with monoclonal 
anti-HIA class I antibody at a final concentration of 1:20 for I h at 4°C. The cytotoxic 
activity of the effector cells was assessed against the target cells pretreated either with or 
without the antibody at various E:T ratios. 
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may thus be potentially useful targets for tumor-specific immunother- 
apy. Marchand etal (2) demonstrated that three melanoma patients of 
12 HLA-A1 patients expressing MAGE- 3 displayed a very significant 
degree of tumor regression after treatment with the MAGE-3-encoded 
peptide presented by HLA-A1 alone. These results suggest that pep- 
tide immunization may, therefore, be potentially effective in a signif- 
icant proportion of melanoma patients. 

The antigenic peptides encoded by the MAGES gene were shown 
to be presented by either the HLA-A 1, A2, or B44 molecule (4, .6, 7, 
10). The proportion of HLA-A1 or B44 individuals is less than 1 or 
1% in Japanese but is 26 or 24% in Caucasians, whereas 44% of 
Japanese and 49% of Caucasians express the HLA-A2 allele. How- 
ever, HLA-A24 is present in 61% of Japanese (15) but only in 10% of 
Caucasians (16). It would, therefore, be possible to immunize many 
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more patients with malignant tumors, especially Japanese patients, 
against the antigens encoded by the MAGES gene, if the MAGE-3/ 
HLA-A24 peptide, which was identified in this study, can be used for 
immunization against HLA-A24 patients bearing MAGE-3-positive 
malignant tumors. Furthermore, the identification of this peptide will 
also permit the immunization of patients against several antigens 
concurrently expressed by their tumors, which may thus also improve 
the effectiveness of the antitumor response. 
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ABSTRACT 

Recent investigations have demonstrated the efficacy of 
autologous dendritic cells (DCs) pulsed with tumor antigens 
to generate tumor-specific CTLs against cancer cells. Mela- 
noma antigens (MAGE) are a family of tumor-specific an- 
tigens shown to be expressed in various tumors, including 
bladder cancers and melanoma, but not in normal tissues 
except for the testis. Because invasive bladder cancers are 
frequently reported to express MAGE, we explored the 
possibility of establishing a new immunotherapeutic modal- 
ity against advanced bladder cancer using autologous DCs 
pulsed with one of the MAGE-3 epitope peptides (IMPKA- 
GLLI), which is synthesized to bind specifically to HLA- 
A24. A MAGE-3-expressing bladder cancer cell line, FY, 
was newly established from a lymph node metastasis of 
bladder cancer in a HLA-A24+ patient. The FY cell-specific 
CTL response was significantly higher when CTL was in- 
duced by autologous DCs pulsed with IMPKAGLLI than by 
FY cells alone or by nonpulsed DCs in vitro. A total of four 
HLA-A24+ patients with advanced MAGE-3 + bladder can- 
cers were treated with s.c. injections of autologous DCs 
pulsed with IMPKAGLLI every 2 weeks for a minimum of 
6 and a maximum of 18 times. Three of four patients showed 
significant reductions in the size of lymph node metastases 
and/or liver metastasis. No significant untoward side effects 
were noted in these patients. This study indicated that, at 
sometime in the future, tumor-specific DC-based cancer 
immunotherapy may be useful as an additional treatment 
modality against advanced bladder cancer. 
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INTRODUCTION 

Several tumor antigens recognized by CTLs have been 
identified in multiple types of solid tumors (1). Many of these 
antigens are derived from tissue-specific differentiation antigens 
(2, 3), from oncogenes (4, 5), or from a set of antigens expressed 
preferentially in tumors (6-9). Because of recent progress in 
understanding tumor-specific antigens that can potentially stim- 
ulate CTL and Th 2 -cell responses, efforts to develop peptide- 
and cell-based tumor vaccines are increasing (10, 11). Mela- 
noma antigens such as the MAGE family are now well known 
as tumor-rejection antigens recognized by CTLs in a HLA- 
restricted manner (12-14). MAGE is reported to be expressed in 
a broad range of cancers including melanoma (6), esophagus 
(15), breast (16), lung (17), and bladder (18) but not in normal 
tissues except for the testis, which does not express HLA class 
I molecules (19, 20). Therefore, these antigens are considered to 
be attractive targets for anticancer immunotherapy. DCs are the 
most potent professional antigen-presenting cells for inducing 
anticancer immunity both in vitro and in vivo. Several clinical 
studies already have demonstrated the potential efficacy of 
active immunotherapy using DCs loaded with various tumor- 
specific antigens in vitro (21-24). 

Bladder cancers constitute a broad spectrum of malignan- 
cies at clinical presentation. Various chemotherapies with mul- 
tiple anticancer reagents have only limited efficacy against 
highly advanced disease and have considerable systemic side 
effects (25). On the other hand, superficial bladder cancer, 
especially carcinoma in situ disease, is well known to respond to 
immunotherapy such as intravesical treatment by Bacillus 
Calmette-Guerin, and thus tumor-specific immunotherapy has 
been suggested as a potentially useful strategy against bladder 
cancer (26). In the present study, we were able to establish a 
MAGE-3 + bladder cancer cell line from a HLA-A24+ patient 
with advanced bladder cancer. Recently, Tanaka et al (14) 
reported the successful induction of antitumor CTLs with a 
MAGE-3-encoded synthetic peptide presented by HLA-A24. In 
this previous report, five peptides of nine amino acids were 
found to contain the binding motif for HLA-A24 in the known 
sequence of MAGE-3. These peptides were synthesized and 
tested for their binding ability to purified HLA-A24 molecules. 
Of the five peptides studied, one high MHC binder (IMPKA- 
GLLI) was found to be capable of eliciting CTLs. Using this 
particular model, we explored the possibility of inducing a 



The abbreviations used are; Th, T-helper; DC, dendritic cell; MAGE, 
melanoma antigens, RT-PCR, reverse transcriptase-PCR; HLA, human 
lymphocytic antigen; PBMC, peripheral blood mononuclear cell; IL, 
interleukin; GM-CSF, granulocyte macrophage colony-stimulating fac- 
tor; mAb, monoclonal antibody. 



24 Immunotherapy of Bladder Cancer with MAGE Peptide-pulsed DC 



significant MAGE-specific CTL response by the in vitro stim- 
ulation of PBMCs with autologous DCs pulsed with the 
MAGE-3 synthetic epitope peptide, IMPKAGLLI, which binds 
to HLA-A24 molecules with a very high affinity. On the basis 
of this achievement, a pilot clinical trial of DC vaccination 
targeting MAGE-3 has been conducted in selected HLA-A24+ 
patients with advanced bladder cancer proven to be MAGE-3 +. 

MATERIALS AND METHODS 

Cell Lines. Five established human bladder cancer cell 
lines, KU-1, KU-7 (27), KU-19-I9 (28), T24 (29), and a newly 
established FY cell line were evaluated. The FY cell line was 
established from the lymph node metastasis of a bladder cancer 
in a 76-year-old HLA-A24+ Japanese female patient. In March, 
1996, the patient underwent a radical cystectomy for muscle 
invasive bladder cancer. The histological evaluation revealed a 
TCC = SCC > AC, grade 3, pT3, nonpapillary invasive tumor. 
The HLA typing of this patient was A24 (9), B7, B52 (5), and 
Cw7. Metastases to the right inguinal and para-aortic lymph 
nodes were apparent in August, 1996. A primary culture was 
established from the specimens taken from the right inguinal 
lymph node metastasis. K562 cell line was kindly supplied from 
the Japanese Cancer Research Bank (Tokyo, Japan). The cell 
lines were well maintained in RPMI 1640 (Life Technologies, 
Inc., Grand Island, NY) supplemented with 10% fetal bovine 
serum and antibiotics. 

Clinical Tumor Samples, Specimens of the 28 bladder 
cancers and 8 upper tract urothelial cancers as well as normal 
bladder mucosa samples were obtained from the patients at the 
time of surgery performed at Keio University Hospital. A rou- 
tine histopathological evaluation was conducted, and a portion 
of each sample was immediately frozen in liquid nitrogen and 
stored at -80°C for later RNA extraction. 

Analysis of mRNA Expression. Total RNA was isolated 
from each of the samples using the acid guanidinium thiocya- 
nate-phenol chloroform extraction procedure (30). As described 
by De Smet et al (31), cDNA synthesis from 2.5 u,g of total 
RNA was accomplished by extension with oligo(dT) )5 in a 
20-uJ reaction volume. Each of the MAGE cDNA samples was 
detected by PCR amplification by 33 cycles (30 s at 94°C and 
40 s at 72°C) using oligonucleotide primers specific for the 
different exons of each MAGE gene. The sequences were as 
follows: (tf)5'-CGGCCGAAGGAACCTGACCCAG-3' (CHO- 
14) and 5 ' -GCTGG AACCCTC ACTGGGTTGCC-3 ' (CHO-12) 
for the MAGE-1 gene (16); (b) 5 ' - AAGTAGG ACCCG AG- 
GCACTG-3' (CDS-9) and 5 ' -G AAG AGG A AG A AGCGGTC- 
TG-3' (CDS-7) for the MAGE-2 gene (31); and (c) 5'-TGGAG- 
GACCAGAGGCCCCC-3' (AB-1197) and 5'-GGACGAT- 
TATCAGGAGGCCTGC-3 ' (BLE-5) for the MAGES gene 
(17). To ensure that the RNA had not degraded, a PCR assay for 
the glyceraldehyde-3-phosphate dehydrogenase gene also was 
carried out; the sense primer was 5 '-GTCAACGGATTTG- 
GTCGTATT-3' and the antisense primer was 5'-AGTCTTCT- 
GGGTGGC AGTG AT-3 ' (32). The PCR product was size-frac- 
tionated on 1% agarose gel. 

Statistical evaluations regarding the relationship between 
the MAGE gene expression and the disease stages were analyzed 
by the Mann- Whitney nonparametric U test. 



Generation of Dendritic Cells. PBMCs were isolated 
from the heparinized venous blood of the patient from whom the 
FY cell line was established, by Ficoll-Hypaque (Lymphoprep; 
Ny corned Labs, Oslo, Norway) gradient centrifiigation at 580 X 
g for 20 min and then washed with PBS three times, The 
adherent monocytes were cultured in RPMI 1640 supplemented 
with 5% human AB serum, 2 mM L-glutamine, 1 him sodium 
pyruvate, 0.1 mM nonessential amino acids, 20 |xg/ml genta- 
micin, 2,000 units/ml recombinant IL-4 (R&D Systems, Inc., 
Minneapolis, MN), and 1,000 units/ml recombinant GM-CSF 
(R&D Systems, Inc.) for 7 days at 37°C. At the time of CTL 
induction in vitro, the DCs were pulsed with 10 fxg/ml of the 
MAGE-3 epitope peptide for 4 h at 37°C in a serum-free 
medium, washed extensively, and then added to the bulk cul- 
tures of the PBMCs. 

Phenotyping of DCs. The expressions of the cell surface 
antigens, MHC classes I and II, CD3, CD14, CD83, and CD86, 
were analyzed by flow cytometry using mAbs before and after 
the generation of DCs to evaluate the populations of the DCs 
generated from the PBMCs. The mAbs used were G46-2.6 
(IgGl, anti-HLA-A, B, C), L243 (IgG2a, anti-HLA-DR; BD 
Biosciences, San Jose, CA), SK7 (IgGl, anti-CD3), SK3 (IgGl, 
anti-CD4), SKI (IgGl, anti-CD8), M<t>P9 (IgG2b, anti-CD 14; 
Becton Dickinson, San Jose, CA), HB-I5e (IgGl, anti-CD83)i 
and BU63 (IgGl, anti-CD86; Ancell, Bayport, MN). AH of the 
data were analyzed using the CellQuest software (Becton Dick- 
inson), 

Synthetic Epitope Peptide. A nine amino acids-peptide 
with a sequence of IMPKAGLLI (amino acid position in 
MAGE-3, 195-203) was synthesized and provided by Takara 
Shuzo, Shiga, Japan. This MAGE-3 synthetic epitope peptide 
was evaluated previously and identified to bind to HLA-A24 
molecules with a very high affinity (14). 

Induction of CTL Responses. The PBMCs were col- 
lected from patient F. Y. and from HLA-A24 + healthy do- 
nors by the centrifugation of blood samples on a Ficoll- 
Hypaque density gradient as described above and cultured in 
RPMI 1640 containing 5% heat-inactivated human AB se- 
rum, 100 units/ml penicillin, and 100 jxg/ml streptomycin 
sulfate (Life Technologies, Inc.). As a stimulator, autologous 
DCs pulsed with MAGE-3 epitope peptide (PBMC:DC, 10:1) 
were added to the media every 7 days. Irradiated FY cells or 
nonpulsed autologous DCs were used as a control stimulator 
(PBMC:FY cells, 10:1). Recombinant IL-2 (R&D Systems, 
Inc.) was added to the media at a concentration of 300 
units/ml every 3 days. The whole culture media was replaced 
on days 9 and 16. After 21 days of incubation, the cells were 
harvested, and the CTL activity was assessed, A flow cyto- 
metric analysis of the cell-surface antigens of the effector 
cells was performed. The cells were stained with mouse 
antihuman mAbs against CD3, CD4, and CD 8 (Becton Dick- 
inson). Isotype-matched mouse antibodies (Becton Dickin- 
son) served as a negative control. 

Cytotoxicity Assay. The target cells were labeled with 
5, Cr by incubating with 100 ^Ci of Na 5I Cr0 4 (New England 
Nuclear, Boston, MA) for 1 h at 37°C, washed four times, 
and plated onto round-bottomed, 96-well microliter plates at 
a concentration of 5 X 10 3 cells/0.1 ml/well. Effector cells 
were then added at a concentration of 2.5 X 10 4 cells/0. 1 
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Table I The expression of MAGE genes according to pathological stages in bladder and upper tract urothelial cancers* 4 



No. of 



No. of MAGE + tumors 



Pathological stage tumors MAGE-1 MAGE-2 MAGE-3 Any of three 

Bladder cancer 

<PT1 17 1 i 

pT2< )1 4 3 

Total 28 5 



1 1 

6 8 (73%) c 



Upper tract urothelial cancer 



4 7 9 (32%) 



<pTl 4 2 1 

PT2< 4 3 4 

Total 8 5 5 



1 2 (50%) 

4 4(100%) 

5 6(75%) 



b 



I finical tissue samples were obtained from the patients at the time of surgery performed at Keio University Hospital 
primers XPreSS1 ° n ^ mGE gCnCS WaS detCCted by RT * PCR am P lification of total RNA isolated from each sample using specific oligonucleotide 



c Statistical significance between stages <pTl and pT2<; was analyzed by Mann-Whitney nonparametric test. P = 0.0003. 



Table 2 The expression of MAGE genes and HLA typing in established bladder can cer cell lines 0 * 



Ce!1 line Pathology MAGE-1 MAGE-2 MAGE-3 HLA-A2 HLA-A24 

KU-1 TCC, G2 - Z Z ZZ Z 

KU-7 TCC,GI ++ ± + + + . 

KU-1 9-19 TCC.G3 - + + + + + 

T24 TCC, G2 + ± + + 

FY TCC, G3 + + + + + + + + _ I 

a Expression of MAGE genes was detected by RT-PCR amplification of total RNA isolated from cell lysates of each cell line using specific 
oligonucleotide pnmers. e F 

b The relative levels of gene expression were determined as follows; the strongest positive band was defined as 100% and graded for no 
expression; ±, <2% positive; +, 2-25% positive; + +, 26-50% positive; + + +, >50% positive. 



ml/well (effector: target ratio 5:1). To eliminate nonspecific 
lysis, the cytotoxic activity was tested in the presence of a 
30-fold excess of unlabeled K562 cells. After incubation for 
4 h, the release of 5, Cr in the supernatant was measured by an 
automated gamma counter. The percentage of specific 51 Cr 
release was calculated by the following formula: 100 X 
([release by CTL] - [spontaneous release])/([maximum re- 
lease] - [spontaneous release]). 

Spontaneous release was generally 15-20% of the maxi- 
mum release in our experiments. 

Statistical evaluations between the relationship of the CTL 
activity and the methods of stimulation of effector cells were 
analyzed using Student's / test. 

Inhibition of Cytotoxicity by Blocking mAbs. The tar- 
get cells were incubated with 10 (xg/ml of anti-HLA class I 
mAbs (Immunotech, Marseille, France) for 1 h at 4°C before the 
CTL assay. 

Patient Eligibility and Clinical Protocol, The protocol 
was reviewed and approved by the Keio University Hospital 
Institutional Protocol Review Committee, and all of the patients 
provided signed informed consent that fulfilled the committee's 
guidelines. A total of four HLA-A24+ patients with advanced 
bladder cancers were eligible and enrolled in our pilot clinical 
study. The diseases of these patients were progressive despite 
the fact that previously they had had surgery, chemotherapy, and 
radiotherapy. The expression of the MAGE-3 gene in all four 
cancers was proved by RT-PCR in at least one excised tumor. 
None of these patients received other treatments within the 4 



weeks preceding the initial DC vaccination. The autologous 
DCs were prepared from PBMCs obtained from leukapheresis 
and were cryopreserved at -80°C. While preparing the DCs, 
samples were collected from each step and tested for sterility, 
including bacterial, Mycoplasma, and endotoxin contamination. 
The DCs were pulsed with the MAGE-3 -encoded HLA-A24 
binding epitope (IMPKAGLLI) just before each vaccination, 
and the patients received a s.c. injection of 1 X 10 7 to 1 X 10 8 
autologous DCs at each vaccination. The treatments were con- 
ducted once every 2 weeks for a minimum of 6 and a maximum 
of 18 times. No other concomitant treatments were provided 
during the protocol. The patients were carefully observed, and 
vital signs, clinical symptoms, and laboratory examinations 
were monitored and evaluated throughout the experiments. 

RESULTS 

Expression of MAGE Genes in Bladder and Upper 
Tract Urothelial Cancers. We analyzed the expression of 
MAGE mRNA in the clinical tissue samples obtained at the 
time of the surgery (Table 1). A total of 9 of 28 (32%) 
bladder cancers expressed any of the three MAGE genes. The 
MAGE+ bladder cancer was significantly more frequent in 
muscle invasive disease (pT2<; 73%) than in superficial 
disease (<pTl; 6%). In upper tract urothelial cancers, all of 
the invasive disease (pT2<) expressed at least one of the 
MAGE genes, whereas two of four (50%) of the superficial 
diseases (<pTl) did; however, the difference was not statis- 
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Fig. 1 A, cytotoxic activities of the effector cells from patient F. Y. against 
target FY cells and inhibition of CTL response by anti-HLA class I mAbs. 
PBMCs from patient F. Y. were collected and cultured as described in 
"Materials and Methods." Effectors were stimulated under four different 
conditions, as follows: (a) PBMCs only; (b) PBMCs + irradiated FY cells 
(10:1); (c) PBMCs 4- nonpulsed autologous DCs (10:1); and (d) PBMCs 
and DCs pulsed with MAGE-3 -encoded HLA-A24-binding peptide (10: 1). 
After 3 weeks of in vitro stimulation, a standard 5 'Cr release CTL assay was 
carried out. Target FY cells (MAGE-3 and HLA-A24+) were either non- 
treated or preincubated with anti-HLA class I mAbs and then added at an 
effector: target ratio of 5: 1 and incubated for 4 h. *, P < 0.0001 (Student's 
/ test). B, cytotoxic activities of the effector cells from patient F. Y. against 
various target bladder cancer cells. Effector cells were prepared, and CTL 
assay was conducted as the same method described in Fig. \A. Four 
different established bladder cancer cell lines were used as target cells. The 
characteristics of each cell line are shown in Table 2. *, P < 0,0001 
(Student's / test). 



tically significant. In the established human bladder cancer 
cell lines, all but KU-1 expressed MAGE genes (Table 2). 
None of the samples that we examined, which were obtained 
from renal cell carcinoma and adrenal tumors, expressed 
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Fig. 2 Phenotype of the effector cells stimulated by autologous DCs 
pulsed with MAGE-3-encoded HLA-A24 binding peptide. Adherent 
PBMCs were collected from patient F. Y. and stimulated as described in 
"Materials and Methods." Flow cytometric analysis of effector cells was 
performed weekly during the induction of effector cells. Single repre- 
sentative data are shown. 



MAGE genes, whereas in five testicular cancers, all of the 
samples were positive for at least one of the MAGE genes. 3 

Dendritic Cell Preparation. Remarkable changes in the 
cell surface markers of PBMCs obtained from patient F. Y. were 
observed with the in vitro 7-day stimulation by IL-4 and GM- 
CSF. In the single representative evaluation of cell surface 
markers by flow cytometry, a markedly increased expression of 
MHC class II (from 44% population of the whole PBMCs 
before the generation of DCs to 99% population of the adherent 
monocytes after a 7-day stimulation by IL-4 and GM-CSF), 
CD83 (from 4% to 96%), and CD86 (from 12% to 99%) was 
obtained, whereas a remarkable decrease was observed in the 
expression of CD3 (T-cell marker; from 57% to 1%) and CD 14 
(macrophage marker; from 18% to 1%). These changes in the 
surface markers of the populations of PBMCs indicated the 
successful generation of DCs. 

Induction of Autologous CTL Response against FY 
Cells by DCs Pulsed with HLA-A24-binding MAGE-3 
Epitope Peptide. Compared with the CTL response stimu- 
lated only by FY cells or nonpulsed autologous DCs, the cyto- 
toxicity was significantly higher in the stimulation with autol- 
ogous DCs pulsed with HLA-A24-binding MAGE-3 epitope 
peptide. The cytotoxic effect of this CTL was significantly 
blocked by the pretreatment of target FY cells with anti-HLA 
class I mAbs (Fig. \A). In addition, the induced CTL did not 
recognize both KU-7 and KU-1 9- 19, MAGE-3 +, and HLA- 
A24- bladder cancer cells, but in contrast, moderately recog- 
nized T24, HLA-A24+, and MAGE-3 weakly positive bladder 
cancer cells (Fig. \B). PBMCs were also collected from a 
HLA-A24+ healthy donor, and the effector cells were prepared 
according to the same method. These HLA-matched, but heter- 
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Table 3 Patients' profiles and responses to DC vaccination 




HLA-A24 


MAGE-3 


Sites of tumors 


No. of DC 
vaccinations 


Clinical response 


Previous treatment 


Survival 0 


F.Y, 
75 yr F 


+ 


+ 


Right inguinal LN* 

Para-aorta LN 

Right external iliac LN 


6 


Complete response* 


Radical cystectomy 

Chemotherapy 

Radiation 


2 d 


G.K. 
65 yr M 


+ 


+ 


Iliac LN 
Para-aorta LN 
Liver 
Brain* 


18 


Partial response of para-aorta 
LN and complete response 
of liver metastasis overall 
progression 


Radical cystectomy 

Chemotherapy 

Radiation 


8 


N.H. 
64 yr M 


+ 




Bilateral inguinal LN 
Perineum 


6 


Partial response 


TURBT 

Chemotherapy 

Radiation 


5 


NT. 
56 yrM 


+ 


+ 


Local recurrence 
Pleural dissemination 


6 


Progressive disease 


Radical cystectomy 

Chemotherapy 

Radiation 


2 



a Survival is defined as months to death after the DC vaccination. 
b LN, lymph node, 
c Determined by autopsy. 

d Death attributable to perforation of small intestine. 

* Solitary brain metastasis developed 6 months after the DC vaccination and was surgically removed. 



ologous, CTLs were also shown to respond to target FY cells as 
well as to autologous CTLs. 4 

Characterization of the Cytotoxic Effectors. A flow 
cytometric analysis was performed during the induction of ef- 
fector cells by DCs pulsed with the MAGE-3 epitope peptide, 
IMPKAGLLI (Fig. 2). The number of CD3 + cells gradually 
increased during the incubation. CD4 + cells decreased after 2 
weeks, whereas the number of CD8 + cells kept increasing. 
CD3 + and CD8 + cells accounted for 98% and 66% of the 
effectors, respectively, after 3 weeks of induction. 

Clinical Cases. A total of 4 HLA-A24 + patients who 
had metastatic MAGE-3 + bladder cancer with measurable le- 
sions were treated in this pilot clinical trial (Table 3). These 
patients had already been treated intensively with surgery, 
chemotherapy, and radiotherapy. All of the bladder cancers 
resected from these patients were examined by RT-PCR and 
thus were proven to be MAGE-3 + . None of the patients showed 
any unfavorable side effects throughout the DC vaccinations. A 
complete response of lymph node metastases was achieved in 
one patient, and a partial response was observed in two other 
patients. However, one patient died because of a progression of 
local recurrence and pleural dissemination. The first case (F. Y.) 
developed disseminated intravascular coagulation and died of 
sepsis attributable to a perforation of the small intestine 2 
months after the DC vaccination; however, autopsy showed a 
complete remission of lymph node metastases, which were 
histologically evident before the DC vaccination. The second 
case (G. K.) showed the disappearance of a solitary liver me- 
tastasis and a >50% reduction in the size of the para-aortic 
lymph node metastasis evaluated by a computed tomography 
scan (Figs. 3 and 4). However, a solitary brain metastasis was 
apparent 6 months after the treatment, and was surgically re- 
moved. The third case (N. H.) showed a significant reduction in 



4 T. Nishiyama, unpublished data. 



the size of inguinal lymph node metastases. A biopsy taken from 
the lymph node 3 months after the DC vaccination demonstrated 
significant necrotic changes in the lesions (Fig. 5). 

DISCUSSION 

MAGE genes are widely expressed in various cancers but 
not in normal tissues except for the testis, which makes MAGE 
potentially useful targets for tumor-specific immunotherapy. 
Patard et al. (18) reported that MAGE-1 and -3 were positive in 
21% and 35% of tumors, respectively, in primary transitional 
cell carcinoma of the urinary bladder, and their expressions were 
more frequent in advanced stages of disease. In our current 
study, we first showed a high incidence of MAGE expression in 
bladder cancers and upper tract urothelial cancers. It was statis- 
tically significant and consistent with the findings of previous 
reports that the MAGE expression was observed more frequently 
as the tumor's pathological stages advanced. Hence, the pres- 
ence of MAGE in advanced urothelial cancers is highly ex- 
pected. As a result, MAGE is increasingly suggested to be a 
useful target for active immunotherapy against bladder cancer. 
In this study, to establish the possibility of a modality of 
immunotherapy for invasive bladder cancers, we hypothesized 
that using autologous DCs pulsed with HLA-specific MAGE 
epitope peptide could induce autologous CTLs against MAGE- 
expressing bladder cancers. 

DCs are well known to be professional antigen-presenting 
cells for the induction of a T cell-mediated immune response 
(33). High expression levels of adhesion molecules and costimu- 
lators, such as B 7, on the cell surface and intracellular vesicles 
critical for antigen presentation are believed to prime CD4+ and 
CD8+ T cells (34, 35), Another means by which DCs induce 
potent T cell responses is via the release of IL-12. Using murine 
T cell receptor transgenic CD4+ T cells, Macatonia et al (36) 
showed that DCs induced the differentiation of naive T cells into 
IFN-7 producing Th cells by stimulating them with IL-12 pro- 
duction. In addition, DCs induce potent human antiviral CD8+ 
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Fig. 3 Complete response of 
a metastatic lesion in liver by 
MAGE peptide-pulsed DC im- 
munotherapy in a patient with 
advanced bladder cancer CT 
scan shows a solitary liver 
metastatic lesion (arrow in 
Fig, 3A) completely disap- 
peared after 18 X biweekly 
DC vaccination (B). 



Fig. 4 Effectiveness of the 
MAGE peptide-pulsed DC im- 
munotherapy against para- 
aortic lymph node metastasis of 
bladder cancer. A bulky para- 
aortic- lymph node metastasis 
was observed by computed to- 
mography scan before the 
MAGE peptide-pulsed DC vac- 
cination (A; arrow) in the same 
patient as in Fig. 3. A >50% 
reduction in the size of metas- 
tasis was evident after the DC 
vaccination (B, arrow). 




CTL responses without any need for CD4+ T cells or exoge- 
nous cytokines (37). As these previous reports have indicated, 
DCs and macrophages have the ability to induce CTL and Th 
cell responses in vivo. DCs are shown to process exogenous 
antigens conventionally for presentation on MHC class II mol- 
ecules. Bachmann et al (38) reported that a cloned DC line is 
able to present cell debris-associated exogenous viral proteins to 
MHC class I-restricted CTLs in vitro. Before using DCs in 
anticancer immunotherapy, the epitope peptide that is most 
essential to anticancer CTL induction must be identified to 
avoid the risk of developing autoimmune diseases (13). 

The antigenic peptides encoded by the MAGES gene were 
shown to be presented by either HLA-A1 (39), -A2 (13), or 
-B44 (40) molecules (41), and Tanaka et al (14) recently 
showed tumor-specific CTLs to be induced from healthy do- 
nors' PBMCs by stimulation with HLA-A24-binding MAGE-3 - 
derived synthetic peptide, IMPKAGLLI. HLA-A24 is positive 
in —61% of the Japanese population (42). As a result, it makes 
sense to develop current DC-based immunotherapy using this 
specific synthetic epitope peptide. 

In our current experiment, we have shown the successful 
induction of the CTL response by stimulating PBMCs with 
autologous DCs pulsed with a HLA-A24-binding MAGE-3 
epitope peptide. This CTL was considered to recognize 
MAGE-3 + tumor cells in a MHC class I-restricted manner 



because the cytotoxic effect of this CTL against FY cells was 
significantly blocked by the pretreatment of FY cells with 
anti-HLA class I mAbs. In addition, the induced CTL did not 
recognize either KU-7 or KU-19-19, both of which are 
MAGE-3 + but HLA-A24- bladder cancer cells. On the other 
hand, CTL activity against FY cells was seen in the effector 
cells prepared from a nonrelated healthy donor with HLA-A24 
typing, thus indicating that the basic mechanism underlying this 
modality requires matching for both HLA typing and tumor- 
specific peptide, which is expressed in target cells and is also 
presented to effector cells by DCs in vitro. These achievements 
using in vitro experiments formed the basis for conducting 
clinical trials with this DC-based immunotherapy in patients 
with advanced bladder cancers and histologically proven, meas- 
urable metastatic lesions. Our initial findings of clinical trials 
with only the four cases presented herein indicated that tumor- 
specific, DC-based cancer immunotherapy may be useful as a 
new additional treatment modality for advanced bladder cancer 
that is not curable by surgery, chemotherapy, or radiotherapy. 

Numerous concerns still exist regarding the application of 
DCs in clinical treatment. Most of the patients with progressive 
cancers are likely to be of advanced age and to have a poor 
immunological status. The combination therapies with DCs and 
the systemic administration of cytokines are possible solutions. 
IL-12 is known to induce CTLs in patients with a poor immune 
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Fig. 5 Histopathological evalua- 
tion of representative biopsy spec- 
imens taken from inguinal lymph 
node metastasis of a bladder can- 
cer patient before and after the 
MAGE peptide-pulsed DC immu- 
notherapy. A typical transitional 
cell carcinoma was evident before 
the DC vaccination (A). Signifi- 
cant necrotic changes (arrows) 
were demonstrated 3 months after 
the DC vaccination (B; H&E, orig- 
inal magnification X100). 




status, and the concomitant use of IL-12 may reduce the need for 
large doses of DCs (43). In our preliminary experiments in vitro, 
when IL-12 was used to stimulate effector cells from PBMCs 
along with the autologous DCs pulsed with MAGE-3-encoded 
HLA-A24-binding epitope peptide, the CTL activity was sig- 
nificantly higher than the effector cells prepared without IL-12. 5 
Additional studies based on these recent findings are now un- 
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derway. Such studies should focus on the safety and the feasi- 
bility of using this DC-based active immunotherapy against 
advanced bladder cancers. 

In summary, autologous DCs pulsed with HLA-A24-bind- 
ing MAGE-3 epitope peptide have been shown to successfully 
induce MHC class I-restricted MAGE-3 specific autologous 
CTLs in vitro in MAGE-3 4- bladder cancer. The efficacy of 
DCs pulsed with the epitope peptide remains to be elucidated, 
because its clinical application has just been initiated. However, 
our results clearly showed a good potential for the development 
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of a DC-based, tumor-specific immunotherapy for the treatment 
of bladder cancer. 
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